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Art. I. — Sketch of a Journey from Canton to Hankow ^ throttgh 
China ; by Albert S. Biokmobe, A.M. 

[Read before the Royal Geographical Society of LondoD, Dec. 8, 186*7, and before 
the Boston Society of Natural History, Feb. 19, 1868.] 

On the 7th of August, 1866, 1 left Canton, in company with 
Mr. C. L. Weed, photographer at Hongkong, and Rev. Mr. Nevin 
of Canton, on a journey through the province of Kwang- 
tung and tne eastern part of Kwangsi. Our course, at first, 
was westward, for about sixty miles, when we reached the head 
of the great Delta of the Sikiang, whose low, fertile fields 
spread out widely along the river banks, and support a most 
dense population. Along the borders of these low lands, rise ser- 
rated mountains — some peaks attaining an elevation of fifteen 
hundred to two thousand feet — ^their sharp ridges and project- 
ing spurs coming out in strong relief, on account of the scanty 
vegetation on their sides. To one who has been journeying in 
tropical lands, and especially among the luxuriant forests of 
Sumatra, these mountains appear surprisingly bare, and only 
the more so, when he considers that he is but on the verge of 
the temperate zone. 

This nakedness appears to be a universal characteristic of 
the mountain scenery in China, but it is not the fault of the 
soil or the climate, for wherever the little pines have been suf- 
fered to rise, they show a vigorous growth. The cause of this 
universal devastation is the n-equent rebellions that have swept 
back and forth over the whole empire, like a desolating flood. 
Am. Joctb. Sol— Sroond Sbbies, Vol, 'XL VI, No. 136.— Jult, 186a 
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In a few days the Chinese can rebuild their low mud houses ; 
but Nature requires years to cover her mountains with forests ; 
and rebellion has followed rebellion too quickly for her to ac- 
complish the ever recurring task ; and besides, the people do 
not care to labor much, when there is everjr probability that 
outlaws or robbers.from a neighboring provmce will profit by 
their industry. Yet it is true they do raise some trees in a few 
places ; but over all the wide area that I have traveled, not a 
tenth part of the soil is thus improved that might be; and then 
the trees are generally cut down before they attain any consid- 
erable size; and this, in districts where the population is num- 
bered by the hundred thousand. The grand old trees which 
are occasionally seen around the Buddhist temples, owe their 
f 'reservation only to the superstitions of the destroyers, and 
these show well what splendid timber thousands of hul-sides in 
China might yield. 

But in regard to the low lands, it scarcely seems possible 
that they could be made to produce more than is already 
raised — ^two full crops being obtained in nearly every part of 
the empire. The continued fertility of these lands has long 
been a wonder to the world. It is due no doubt chiefly to two 
causes ; first, the Chinese are careful to save everything that 
can possibly serve for manure — ^in some places even to the hair 
they shave from their heads ; and secondly, their low lands 
(where all their rice and most other sustenance is obtained) 
are all, or very nearly all, subject to floods at least once a year, 
and a rich deposit of fine mud is thus spread over them, just 
as in the valley of the Nile. 

Following up the Sikiang, through a deep pass in the first 
mountain range, we came to the city of Shanking, where the 
Viceroy of the pro\dnces of Kwangtung and Kwangsi resided 
when the Portuguese first appeared off the coast. About two 
miles behind it rise the famous "Marble Rocks," or "Seven 
Stars," like dark, sharp needles, out of the low, green plain. 
Mr. Nevin and I measured them with an aneroid barometer, 
and found them to range fi:om one hundred and fifty to three 
hundred feet high, though they had been previously estimated 
at twice that heignt. The rock of which they are composed is 
a highly crystalline limestone, of a dark blue color on the 
weathered surfaces, and a rusty iron tinge where large frvLg- 
ments have been lately detached, the whole traversed in every 
direction with milk-white veins, and completely fissured througn 
and through, in every direction, by joints and seams. Over 
the whole exterior they are extremely rough and jagged, and 
furrowed by perpendicular grooves, worn by the small streams 
that course down their sides during every sUght shower. 
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They form such striking objects in the surrounding plain as 
the ^^ Little Orphan'' does in the waters of the Yangtse, and, 
like it, abound in groups of little temples placed in the natu- 
ral niches in their sides. Larger temples are ran^d at their 
feet, and one which we entered contained in the prmcipal hall 
three images in bronze six or seven feet in height. In another 
room I noticed an idol with six arms. The whole building was 
going rapidly to decay, and it was only after much searching 
that we succeeded in finding two poor old monks, preparing a 
scanty meal in the refectory, — the last place they were willing 
to desert in the whole temple. 

Olimbing up a steep, narrow stair-way, that rises diagonally 
across the face of the precipice, we reached a second temple 
perched high in a little rock. Along a part of this stair- way, 
a rude heavy chain was fSftstened to the mountain side, that the 
timid and weary might help themselves on to the temples above ; 
and many must have been the pilgrims that ascended this diffi- 
cult way, if we could judge from the depth of the places their 
feet haa worn in the steps of the solid rock. The entrance to 
the temple was through a crazy ^te-way or portal of loosened 
bricks, that leans over the precipice, and threatens to fall with 
the first person who sets foot within it and immolate him to a 
heathen ^d. This temple we were informed was built some 
two hundred years ago when Shanking was a great and flour- 
ishing city, but now the monks can scarcely beg enough from 
their poor neighbors to answer their immediate necessities, and 
their once sjdendid temples are rapidly becoming only unsightly 
heaps of ruins. 

Here, as is frequently the case in masses of limestone, are 
several caves. We entered one of a bell shape. Its floor was 
mostly covered with water, and a bridge led us to a platform 
at the farther end. As we were crossing this Stygian stream, 
we were saluted' with a fierce barking, and certainly we did 
seem to be approaching the regions over which Cerberus pre- 
sides, but no other charm was needed for us to safely pass these 
canine guardians than a threatening show of our canes. Many 
tablets have been cut in the rocky sides and along a stair- way 
that led up to where the cave opens out to the sky at the oppo- 
site side. 

During these excursions in the vicinity of Shanking, both of 
my companions became quite ill, and at my earnest solicitation 
finally consented to return and let me continue on alone. 

On the second day from Shanking, I came to " Cock's Comb 
Rock," a huge waU or dike, of black or crystalline marble, 
with a crest so jagged that the name the Chinese have ^ven 
it exactly describes it. Northwest of this, in a small ^l&\Ti^S& 
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a conical hill of limestone, whose whole interior has been washed 
away, forming a much grander cave than the one we had pre- 
viously visited in one of the "Seven Stars." 

All the mountains in these regions are composed of fine, 
hard siliceous grits, which in some places are compact and flinty, 
becoming true quartzite or quartz rock, and in others are soft 
as sandstone; and besides these, of slates that are interstratified 
with these grits and are sometimes soft clay slates, and at 
others as hard as shales. Half a mile below the village of 
Kok-hau, on the left bank of the Sikiang, just before I reached 
the boundary of the province of Kwangsi, I found these grits 
and slates resting immediately on granite. Two miles below 
Kok-hau rises " Ornamental Monumental'' Bock. It belongs 
to the lower part of this series of grits and slates, but is com- 
posed of a coarse conglomerate, and perhaps represents the 
conglomerates that are found near granite, in other parts of the 
empire. 

Crossing the river from Cock's Comb Bock, we came to a 
small village, and anchored for the night astern of a small 
gunboat. On consulting my chart I found these words writ- 
ten around the next bend, about half a mile up the stream, — 
" a favorite resort for robbers .'" But I believed we must be 
safe with a gunboat so near, and taking care that my revolver 
was in prime order, and that a heavy sword was within my 
grasp — a provision that was constantly repeated every night of 
my long journey — ^I laid down determined to sleep, despite a 
continual din of tam-tams, and the most extravagant shrieking 
and groaning of some women on the bank, who were lamenting 
the decease of a friend. 

Late in the night the watch began calling out loudly, then 
my servant and my boatmen joined in. A strange boat was 
stealing along toward us, and although it was already so near 
that I could hear the noise of its approaching oars there was 
no reply. At the next instant the gunner on the watch-boat 
fired his cannon and at once the men in the suspicious boat sdl 
answered in the meekest and most humble tones. Our would- 
be robbers had that time mistaken their prey. This is but a 
fair example of the noises and alarms that were constantly re- 
curring by night all the way to Hankow. 

As we slowly ascended the river by poling, tracking and 
sailing, we stopped several times a day, that I might collect 
specimens of the rocks and ascertain the dip and strike of the 
strata. In this way, in a week we came to Wuchau, the last 
missionary outpost in this direction. Here I met the Bev. Mr. 
Graves, and induced him to accompany me up the Kweikong, 
or Cassia river, as far as Kweilin, the capital of the province 
of Kwangsi. 
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It is BO dangerous ascending this river, on account of rob- 
bers, that boats leave Wuchau only when several are ready to 
go and can keep together and afford each other mutual assist- 
ance in case of an attack. As an additional protection, the 
Mandarin offered to send a small gunboat along with us, but 
when we were ready to go, only one policeman appeared and 
he carried no arms. 

The boats used on this river are quite different from those 
seen at Canton. They have flat bottoms and curve up high 
at the bow and stem, that the helmsman and a man on look- 
out forwafd may see some distance ahead and avoid the rocks, 
as they come down with the rapid current. 

The principal article carried up the river by these boats is 
salt, which is a government monopoly ; and, notwithstanding 
our boatmen all agreed not to bring a particle on board, they 
did buy a considerable quantity, and tried to hide most of it in 
our part of the boat. We very plainly informed them they 
had not kept their agreement, and if they lefb it there it would 
instantly go overboard. They finally, as near as I coidd ascer- 
tain, bought a permit for a part of it and smuggled through 
the rest. This smuggling is so common, that I was repeatedly 
informed that the Mandarin boats, which are not liable to be 
searched by the custom-house officers because they carry high 
officials, never fail to improve every opportunity to avoid pay- 
ing the regular tax. 

As we passed along these rivers, every day or two we came to 
a small house with two poles in front, each bearing a large 
triangular flag. There we were obliged to stop, and tdlow our 
boat to be searched by flerce looking fellows, each armed with 
a long stick pointed with iron. Ascending this Cassia river is 
little better than dragging a boat up one continued series of 
rapids ; and though ours drew but flve or six inches, it seemed 
sometimes as if our boatmen would be quite unable to get her 
along any farther. This fact indicates the shallowness of the 
stream, and also the unfavorable fact, that steamers can never 
be used on this river. The boatmen at Wuchau calculate to 
reach Kweilin in fourteen days, but to go all the way back in 
four. 

For the flrst hundred miles we passed only small, scattered 
villages, each having on the top of the highest hill near it a 
fort, where they keep all their extra rice and clothing — every 
thing they use from day to day — ^for every viUage pillages on 
every other village, and on all the boats that pass, whenever 
they dare. These fortifled hill-tops reminded us of the pic- 
tures drawn by historians, of the middle ages ; but these peo- 
ple observe even less law and order than those of those early 
times. 
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Ab an illustration of the complete state of anarchy that ob- 
tains throughout all this region, I may mention that on our 
third day from Wuchau we passed a large Mandarin boat that 
had been robbed of everything the very first night after leaving 
Kweilin, the officials even not being able to protect themselves 
from these desperate thieves. 

All along our route the Mandarins were very kind to us, but 
kept asking how we could dare to come there, where only one 
foreigner had ever been before, and who, though he had escaped 
the P^oplo of Kwangsi, was murdered by the people of Hu- 
nan. They referred to an eccentric genius, who did sticceed in 
reaching nankow, but was completely stripped of all his cloth- 
ing. His difficulty with this people was certainly one cause of 
their hostility to us. 

Beyond the hien city of Chauping, the country becomes 
somewhat more cultivated, yet even here it is very sparsely 
peopled, and there is no need that a single man should leave 
Uhina to find plenty of good land to cultivate. The river here 
flows through deep passes, and we entered one called '^ Forest 
Pass,'' as the bright day was darkening into twilight. The 
rock was a hard siliceous grit, and sharp peaks in the range rose 
up to a height of 1600 or 1700 feet. Like the famous Shau- 
kmg Pass, this is also a cleft in a mountain range ; but while 
that is about 600 yards wide, this is only from 50 to 150, and 
as we sailed between the high, almost overhanging precipices, 
the efiect was far grander than anything I have ever enjoyed in 
China. 

As ni^ht overtook us while in the pass, we moored our boat 
to some nuge rocks by the steep bank, and then climbed to the 
edge of a neighboring ridge and waited for the full moon, 
whose soft light was just then brightening the eastern sky ; 
and when her silver disk rose over the jagged edge of the hi^h 
peaks above us and threw long point^ shadows down the 
steep-sided pass, we had before us such a view as a lover of 
crayon sketches might well roam the whole world over to 
enjoy. 

As we approached Pingloh, a high range of needle-shaped 
peaks stretched across the river from east to west. They were 
composed of the same dark blue, highly crystalline limestone 
traversed with white veins, that had been previously noticed in 
the Seven Stars at Shanking and Cock's Comb Rock on the 
Sikiang. Here the pass gave a section showing this limestone 
resting on the previously mentioned grits. In the muddy 
places were large quantities of a beautiful blue Convolvulus in 
full bloom, of the same species as specimens Mr. graves had 
frequently found in the limestone caves near Shanking. 
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Our daily routine was to walk in the forenoon until the sun 
got high, and again in the afternoon until the boat reached a 
safe anchora^^ Mr. Graves collecting plants and sketching a 
map of the nver^ and. I gathering geological specimens, ascer- 
taining the dip of the strata and the direction of the elevations, 
details too numerous to be given in full in this hasty sketch. 

On the evening after leaving Piujgloh we were following the 
river as it bent around a high bluff, when we suddenly found 
ourselves on the edge of a valley, ten or twelve miles broad, 
and extending farther than we could see to the right and left. 
In every direction this whole valley was perfectly bristling with 
sharp peaks of limestone. The strata of this limestone were 
nearly norizontal and once the whole valley was filled with solid 
rock, which, in the course of ages, had been worn into deep 
channels that have been kept widening until only sharp peaks 
are left of what were origmallv continuous sheets of rock. 
From a single position on the low river bank I counted one 
hundred and ninety-two separate peaks. The highest I judge 
rose 1200 feet above the plain,^ but even this did not represent 
the original depth of the deposit. These dark rocks, rising ab- 
ruptly up from the low, level lands at their feet, contrasted 
most strikingly with the biight light green of the fertUe plain 
and made this view the most picturesque and remarkable seen 
on this journey. A similar view is to be enjoyed among the 
contorted and fractured Devonian rocks on the banks of the 
Tchussova^a, on the western flanks of the Ural; and it is prob- 
ably to this same Devonian period that these limestones, and 
those previously mentioned, belong. 

On passing out of this limestone region, a section was ob- 
tained a litlle above the market-place, Hingping, where these 
limestones were seen resting (co^orrndbly as near as I could 
ascertain) on the grits that at Kokhau were in them found 
resting on granite. 

About Kweilin, the capital of the province, the valleys are 
much broader and better cultivated ; and large water-wheels, 
twenty or thirty feet in diameter, are common along the river 
banks where the rapids are strong enough to keep them mov- 
ing. Pieces of bamboo are fastened to the rim at a slight 
angle, and bring up the water and pour it into a trough as 
they reach the highest point and begin to descend on the re- 
volving wheel. 

A small pagoda, perched on the top of a ragged rock, and a 

* As we could not learn that this peak was known by any particular name, I 
propose to name it Longfellow's Peak. This and all the surrounding limestone 
needles appear like h^h columns that once supported the roof of one immense 
temple. 
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high wall of limestone, through which had been chiseled a 
large hole, were pointed out dy our boatmen as indications 
that we were neanng the capital of the province of Kwangsi 
Instead of being situated on the west side of a lake, as repre- 
sented on the best maps, we found it on the west side of the 
Kweikong river, which in the rainy season probably overflows 
its banks. The walls of the city are of limestone blocks neatly 
cut, with a parapet of bricks. 

We carefully closed our boat and in the evening rowed up 
to the city. I at once dispatched my servant to the Yamun — 
as the Chinese call the place where their officials reside — ^to ask 
for chairs and policemen to protect me as far as the next city, 
but all arrangements could not be completed till the next day. 
Meantime we were careful not to let any one see us, but in 
some way they found we had come, and early the next morning 
all the streets and boats near us were perfectly packed with 
people anxious to get a sight at the foreigners. At first we 
tried to escape by ordering our boatmen to move,, first to one 
place and tnen to another, and thus we darted hither and 
thither like a bird trying to escape from a hawk, but every- 
where we found a greater and greater throng, and finally we 
concluded it waa best to try to partiaUy gratify their insatiable 
curiosity by gomg out on to the forepart of the boat and ex- 
hibiting ourselves bv turns. 

When one crowd had satisfied their desire to see " the barba- 
rians,'' they generally left us but they were immediately re- 
placed by one still larger, until it seemed as if all the China- 
men south of the Great Wall had come out to gaze at us. 
Meanwhile my servant arrived firom the Yamun, saymg that all 
was ready, and the Mandarin begged if I was going to Hankow 
that I would depart at once, for the whole city was so much 
excited by a proclamation issued by the gentry, that he feared 
we would be attacked and he would not be able to defend us. 

Mr. Graves kindly translated the proclamation for me. It 
ran as follows : 

" It has alreadj. been determined, bj common consent, that if any one has any- 
thing to do with the Imps, or rents them a house or any other dwelling place, his 
house aud his family dwelling shall be immediately burnt to the ground, and his 
whole family, male and female, old and young, shall be at once put to death. 

"By Order of tue whole Pboyincial City.*' 

Despite this formidable threat, I determined to continue to 
push my way through to Hankow, or perish in the attempt. 

A ereat crowd gathered on the shore where I landed and the 
boys hooted and snouted, but I could not understand what they 
said and only hurried on iny chair bearers through the suburbs, 
which were everywhere perrectly thonged. Two or three times 
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ed they would block up the street in ^nt of me and 
ne completely, but they seemed to have a suspicious re- 
for the barbarian and concluded to allow me to pass on. 
ben we ^me to the chief gate and were entering the city, 

officials stopped my chair and drew me up into their of- 
)ut of the press of the crowd, while they were instructing 
oolies to go round the city and not through it! One of 
bair bearers took this opportunity to run away and it 
3d an age before another could be found ; but finally I 
nued on between the city wall and the river until we came 
jreat rock, round which we were carried in a boat, and 
we were at last freed from our tormentors. It gave me a 
delightful sensation to find myself once more able to walk, 
at I might hurry on my chair bearers to the top of their 
I and thus, with all possible haste, distance this City of 
ruction ! Night, however, overtook us when we were five 
I away and the two policemen yarding us selected an inn 
little village, where we lodged for the night, 
ter such a frightful tumult, it seemed so safe and so swee V 
iet that I was tempted out a little way into an adjoining 
to note, by aid of^my azimuth compass, the direction of 
alley we were to travel in on the morrow and the form of 
lountains that bordered it. While I was thus absorbed in 
>eautiful view before me a ville^r chanced to pass by and 
e my open compass, so I shut it up and went back to rest 
lar he might think I was like some of their own people — a 
lancer. Later in the evening the whole neighborhood be- 
x> resound with a heavy beating of gon^, and soon a large 
1 gathered in front of the inn, shouting out in the most 
ish tones, " Kill him ! Kill him ! Kill the white devil //" 
inly saw that they had come with the determination to 
10 and then kill me. I realized the danger of my position 
' feared the worst, for how could one man defend nimself 
ist such an infuriated mob. 

It my policemen proved firm, and at once showed the ring- 

rs my pass from their own Mandarin and assured them 

if they injured me in the least their Mandarin would take 

one of their heads off and completely destroy their vil- 

Then their wrath took another channel and they cursed 
landarin, and finally, after much angry disputing, they 
d to go away on the condition that I should leave their 
^ as sooQ as daylight appeared. My servant assured 
that they need have no fear that I should remain there 
and that I certainly should not have stopped short of the 
village if my coolies and policemen had not refused to 
L any farther that night. The only crime alleged agednst 



10 A. 8. Biokmore — Journey through Ohiwi. 

. me was, that one of their number had seen me with a mysteri- 
ous instrument observing the mountains and vaUeys, and that 
they were all satisfied that I had come to take away the treas- 
ures which they believed their land possessed. A|piost every- 
where over the whole empire, wherever they saw me breaking 
the rocks or observing the dip of the strata, they at once con- 
cluded I was searching for gold or silver or precious stones. 
Another common belief is thiBit a foreigner who has blue eyes 
certainly has the clairvoyant power of looking three feet into 
solid rock 1 

The next day at early dawn we started up the valley to the 
north-east, the general direction of the Kweikong above Kwei- 
lin. The road, or more properly path, was three or four feet 
wide and paved with blocks of mnestone and small rounded 
boulders m)m the bed of the neighboring river. Large num- 
bers of coolies were passing to and fro, this being one of the 
four great hijzhways between the southern part of the empire and 
the valley of the Yangtse. The others are that from tne pro- 
vince of Kwangtimg over the Great Meiling Pass into the 
province of Kiangsi and down the Kan river to Poyang Lake; 
another from Shauchau to Lohchiung and over the Lesser Mei- 
ling Pass ; and the fourth from Yunnan, the capital of the 
province of that name, to Kweiyan^ the capital oi Kweichau 
and thence down the Wu river to the Yanfftse. 

At 10 A. H. the road came to a small tributary of the 
Kweikong coming in from the northwest. On each side of 
this stream there had once been a large flight of marble steps 
nicely cut and carefully laid up, but when I passed they were 
all fsdling apart and the whole work ^ing to decay, the amount 
of travel at present. not being sufficient even to keep them in 
repair. 

On one bank was a small square pagoda-like tower, and near 
it two ^eat iron pillars surmounted by a lar^e ornamental cap. 
Around each pillar was an iron ring and to uds was attached a 
series of huge chains large enough to anchor a sea junk. Tha 
people said they were to fisisten robl^ers to, probably the Miau- 
tse who live in the neighboring mountains to the north and 
northwest and who are said to come down frequently and 
plunder the smaller villages. Notwithstanding this formidable 
array of iron pillars and ^reat chains, these Miautse have main- 
tained an uninterrupted mdependence, a proof of the continued 
weakness of the Chinese government in every dynasty. 

At 2 p. H. we stopped to lunch at a small inn. The policemen 
insisted on my going into a small room and remaimng there 
out of sight till we were ready to start again, and after that 
all the way to Hankow, a distance of some 800 miles, I was so 
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itnctly g^narded and attended that I found myself really a 
prisoner. I could not make detours to the right and left as I 
^leased when we were passing some object of special interest. 
!f 7 compass I was compelled to secrete under my waistcoat, 
md I dfured to use it only when we were &r away from any 
nllage, and the road clear of coolies, and even then my police- 
nen generally manifested a belief that I was little better thim 
I spy, and my servant always felt it his duty to remind me 
low nearly my using it before had come to costing both of us 
)ur lives. 

2 p. K. we came to Lingsun a hien city, 60 li by the way 
ire came from Kweilin. I must confess that a sickening sen- 
lation closely akin to fear crept over me as I entered the gate 
>f this city and thought of tne dimger I had passed through 
hd day before at Kweilin. 

The Yamun was near the gate we entered, and the officials 
iiat quickly gathered round all seemed to regaid me with pity 
•ather than hate. I tried to show my appreciation of the Kind 
ieelings they manifested by naming the places I had passed 
md marking out a rude map on the wall, but my policemen 
rere afraid another mob might gather and therefore led me 
iway to a little dirty inn where every room was full but one, 
md on one of the two beds in that an old opium smoker lay 
itretched out nearly stupefied with the intoxicating drug. Our 
X)om was more properly a dungeon than a guest chamber. A 
ingle fraCTient of glass in the roof, which was little higher 
iian our heads, admitted all the light we were permitted to 
injoy. But my companion, at least, was blissfully indifferent 
x> the inconveniences of our prison and no doubt was imagining 
limself floating on clouds in the high air or in some richly 
^ded barge quietly gliding down Lethe's stream, whose waters 
le had certainly drank to satiety. 

Small boys climbed up the partitions to peep over and steal 
I sight at me, but I was then quite accustomed to such slight 
umoyances. Meanwhile numbers of the curious of both sexes 
nthered in an outer room, and as a cloud of dust rose from the 
iry matting on the hang whenever I moved, it soon irritated 
ny nostrils, and the whole party outside set up a loud laugh to 
ihink that such a strange animal could sneeze ! 

After three hours in these uncomfortable quarters, we con- 
linued on through the city and passed out the eastern gate. 
The whole city is merely one heap of ruins and there are 
carcely houses enough left to line tne main street, so complete 
s the destruction made by the Taiping rebels. In fact all the 
iray from Chauping I had come almost exactly in the track of 
hese rebels, ana their hordes were composed of just such rob- 
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bers and desperadoes as I had found there. Their leader was 
undoubtedly stimulated to his undertaking by dhagrin at not 
being able to pass the government examinations^ almost the 
only way open to the subjects of that empire to obtain honor 
and wealth. It would be strange indeed if, as some people 
suppose, a man whose prime motive was to take Tevenge on 
his government should care much about elevating his country- 
men. It is true he and his confederates invited foreigners to 
participate with them in overthrowing the dynasty of the 
Manchus, but I believe that they did this only because they 
needed assistance, and that if they had once gained the supreme 
authority they would have been as hostile to foreigners as the 
present dynasty ; and a partial ^jroof of this appeaiB in the 
reserved manner in which their chief conducted mmself as soon 
as he had secured Nanking and believed the whole empire 
within his grasp. This territory where the " Great Peace" 
rebellion began, and the territory too that they held the longest, 
is the most despoiled, the most dangerous and the most un- 
promising of any I have seen in my long journeys over China, 
devolution has followed revolution throughout the whole length 
and breadth of China until her soil has been reddened with the 
blood of tens, even hundreds of millions of her people, and yet 
she remains just where she was two thousand years ago ; and 
simply because all these movements have "been originated by 
those whose only desire was to get the throne, to plunder or to 
avenge personal wrongs ; and not by high-minded, generous 
men, having in view the good of their feUow countiymen. 

A walk of 35 li brought us to Tai-ung-gong, a small village 
on the Kweilin or Cassia river, for the water still flows towaid 
Kweilin. Before we reached it we crossed a small stream flow- 
ing into the Kweikong from the north. In its bed I noticed 
pebbles of granite and porphyry, but all the rocks seen in situ 
were the common siliceous grits. Here were many rafts of 
bamboos to be floated down to Kweilin and Wuchau. The 
valley here is filled with small hills, but in this place only. 
Among them I gathered a beautiful bluQ bell quite like that 
found on our own hillsides in New England. A kind of black- 
berry that grew in the old ruins by the way side was just ripen- 
ing, and the opening of the asters also heralded the coming of 
autumn, as at nome. I had chosen the best season of the year 
for this journey, for there is far less danger from the people when 
it is harvest time and they are not suffering from want of food. 
The next day we traveled 55 li to Hingan, a hien city. The 
water here flows to the north and the water-shed is a few li to 
the southwest. It is not natural but artificial, and what were 
originally small streams have been changed into canals and 
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these extended to head waters of the Biang. The water is kept 
for a time in these rivers and canals by buildiog dams across 
them whenever a rapid would occur and allowing the water to 
escape only over a small gap deep enough for a single boat to 
pass over. Hinran is in the same ruinous condition as Ling- 
sun. It is 150 li in a northeasterly direction from Eweilin. 
The Siang here was so low that I had to go 17 li farther to the 
village of Tankatse to take a boat for Binchau, 140 li down the 
river. All along this route the water was so low that we were 
continually thumping and^ bumping and grating over the rocks 
and coarse shingle, especially in the dams which we met every 
one or two li. They are made with a gap for the boat to pass 
over near one bank and near the other a sluice-way, where as 
many as ten great water wheels were sometimes seen, one 
behind the other. It seemed as if there were more rapids in 
the 14 leases from Tankatse to Sinchau than in the 16 leases 
fix)m Kweilin to Wuchau on the other side of the water-shed. 
Sinchau is the chief city in this region and appeared nearly as 
large as Wuchau. It is not in the province of Hunan but in 
Ewangsi. At thA boundary of these provinces dark shales 
appear apparently resting on the limestones over which we 
had been passing on our way down the Siane. 

At Bincnau my servant and boatmen purchased some fossils, 
which all agreed in saying came from a waterfall 93 li distant 
among the hills. Small b>ys gather them at the foot of the fall 
and bring them to market to sell for curiosities. They were 
Brachiopoda, probably of the Devonian period, and from the 
curved parts near the hinge the Chinese call them '^ hawks/' 
A Mandarin afterward gave me the same account of them. 
They come from the limestones already described as resting on 
grits and slates. 

The boundary between the provinces of Kwangsi and Hunan 
is about 100 li down the Siang from Sinchau. There only low 
hills border the river, and the valley of the Siang really begins. 
All the way from Shanking near Canton to this point, the 
whole countrv is one mass of hills. 

All through the province of Kwangsi I was attended by one 
or two policemen, who carried a large paper from their Manda- 
rin saying to all his people that I was traveling through their 
country with the permission of the Imperial Government at 
lacking, and forbidding any one to oppose or annoy me. When 
we came to the next city this paper was countersigned by the 
Mandarin of that place to show that I had reached his city in 
safety and that those policemen were absolved from any farther 
responsibility. But all through the province of Hunan I was 
constantly guarded by one civil Mandarin and one poli( 
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and one military Mandarin and from two to four soldiers 
besides. 

In eight days from Sinchan we reached Kiyang, which is Ai- 
uated on the left bank of the river and not some distance back 
from it as placed on the maps. Below this city^ the whole 
country becomes thickly popmated and well cultivated, and 
the temples outside of the cities, which were nearly all destroyed 
by the Taipings, appear ever)rwhere newly built, contrasting 
most favorably witn the ruinous condition of such buildings 
in every other part of the empire, and indicating how well the 
people were prospering by whose contributions tney were built. 
They are so numerous and form such a conspicuous part of 
every view along the Siang, that Hunan may well be styled the 
province of temples and the strong hold of Buddldsm. 

Eight or ten u below Eliyang, on the right bank, strata of 
limestone were seen resting very unoonformably on other lime- 
stone strata as if the upper layers belong to an entirely different 
formation. Nothing of this Kind had been seen before. The 
lower limestones had the jointed and fissured appearance of 
that previously noticed. Eighty-four li below Kiyang, at the 
village of Pin-cha-bu, we passed a hill of limestone interstraJti- 
fiedwUh eoal. They were quarrying the lime rock and using 
the coal obtained at the same time to bum it to lime. The dip 
of these 'strata is 40^ to the north. A little farther in that 
direction came red sandstone with a similar dip of 15° to 20°. 

Sept. 16th, stopped for the night in a little village 165 li 
above Hangcnau. As we arrived after dark no one saw me and 
I was left unmolested. All the evening there was even more 
loud talking than I had been accustomed to hear, as if most 
of the village had been indulging rather freely in samshoo. 
At night we always anchored in the stream, and that evening 
my servant asked one of the Mandarins if he would like to 
take a walk along the front street. But he only shrugged his 
shoulders, shook his head in an ominous manner and said, 
" they are all the worst of ruffians there 1" 

About ten o'clock a loud talking and disputing began on the 
bank near us and soon one man commenced screaming and 
groaning as if had received his death blow. Immediately his 
murderers brought him down the bank, put him in a small boat 
and paddled out by us into the middle of the stream, their 
victim all this time groaning more and more feebly and evi- 
dently dying. My servant otio was on the watch then informed 
me that this man was a merchant and belonged to another vil- 
lage and was taking some money to Hangchau, and when the 
people there robbea him and he shouted out for the police^ they 
stabbed him and were finishing their work by sinking him m the 
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river. By this time^ after the eril was done, the Mandarins at 
Yamnn b^an firing small cannon every ten or fifteen minutes; 
and this they kept up regularly for some two hours, showing 
plainly to us all that they expected to be attacked next them- 
selves. 

I found we had thus unwittingly ran directly into a nest of 
those assassins who prowl in bands over the whole country. I 
trusted however that no one had seen me, for that was my only 
hope of saving my life. 

B'othing remained for me to do but keep as quiet as possible 
and leave the place at the earliest dawn. I therefore sat down 
quietly, openea the Ud of my revolver box — ^for I believe it is a 
duty every one owes to his Creator to save his life at any (^ost 
until he is convicted of some crime — and coolly determined 
when the event came to sell my life as dearly as possible. 
But after listening with the keenest solicitude for many long, 
lonely hours, I finally fell asleep, and when I awoke again our 
boat was floating down the str^un and this village of assassins 
was far out of i^ew behind us. 

We soon came to Lichang the principal coal mine on the 
Siang. It is situated on the left bank of the river some 50 
miles above Han^chau. The coal beds here were seen resting 
on limestone^-and this is also the case in Sz'chuen. at the cosJ 
mines near Peking, and probably in every part oi the empire 
where both occur. On the coal strata rests a red sandstone, 
which originally covered all these coal deposits, at least, in 
this region ; and the coal appears at the surface only where it 
has been thrust up through the overlying strata of red sand- 
stone or where this sandstone has suffered very considerable 
denudation. As we were but six miles from the .village where 
the murder occurred, the Mandarin sent to protect me declared 
he would not let me go on shore and inspect the mines on any 
condition, and therefore I could note only what was to be seen 
from the river as we passed. All the so-called " mines" that 
thus came in view were nothing more than deep pits in the 
sides of hills and consequently only " surface coals" have been 
obtained. 

It is probable that the best coal occurs only below the water 
level, and the Chinese are obliged to stop when they come to 
that for want of proper pumping apparatus. In support of 
this view I may add that the engineers on the steamers at 
Hankow informed me that this coal had improved considerably 
since they first began to use it. The best coal in China there- 
fore remains undisturbed, but there is much reason, in my opin- 
ion, to doubt whether it will ever equal the best coal in England 
and America. Hangchau is the great coal depot for the pro- 
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vince of Hunan^ and the military Mandarin that accompanied 
me from that city to Changsha, the capital, stated that it is 
mined at Kweiyang and Laiyang (see Dr. Williams's map of 
China) and also at Sinhwa on the Tsz*kiang. It probably 
occurs almost everywhere beneath the red sandstone that covers 
the wide plains in the whole province, but it is onlj mined 
wh«re it crops out along the borders of those plains. 

From Lichang in Hunan to Moukden the capital of Man- 
churia, there is an almost continued series of coal mines on the 
flanks of the elevations that form the western border of the 
Great Plain. This wide distribution of coal promises much 
for the future development of this land. 

The most important place for trade in Hunan' is Siangtan, 
90 li south of Changsha. All the boats that come down the 
numerous branches of the Siang make this their point of ren- 
dezvous, and there is water enough for small steamers from 
Hankow, unless a shallow bar occurs where this river empties 
into Tungting Lake. That place I crossed by night and there- 
fore had no means of satisfying myself on that point. When 
I reached the lake a heavy northerly wind had been blowing 
for six or seven days and few or no boats had crossed it during 
that time. A southerly breeze then set in and all the boats 
that had been in the many creeks and bays came out on the 
lake, and at sunrise I enjoyed a view only to be witnessed in 
this 'land whose population is numbered by the hundred million. 
As far as the eye could see before us, behind us and for several 
miles on either side, the surface of the lake was ^rfectly feath- 
ered with white sails, some in sunshine, some m shadow and 
some in the dim distance, gliding on a thin film of air over the 
water. Twice during the day I counted nearly four hundred 
and forty in sight at one time ; and with the aid of my field 
glass fully one hundred more could be distinguished. Many 
were loaded with tea, many with coal, and many were just 
swimming along under huge deck loads of round timber. This 
shows the amount of the canying trade between Siangtan with 
Changsha; and Yohchau, and Hankow and other cities down 
the Yangtse. It also indicates that Siangtan is the most im- 
portant place up the Yangtse that is not yet open to trade. 

Below Yohchiau a number of lakes occur, which Pere Hue 
describes as abounding in floating islands, but I did not see one, 
and others who had passed to and fro over most of this area 
nformed me they haa never heard of such a thing. 

Oct. 5th. After sixty three days of continued traveling I 
at last reached Hankow — the distance by the route taken being 
about 1200 miles. For thirty-five days I had lived just as a 
common coolie, and frequency when we were waiting at the 
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Cities finr the Mandarins^ I have laid in the bottom of my boat 
among the car^o witlx a straw mat over me without daring to 
stir for nearly naif a day, for fear of a repetition of what oc- 
curred at Kweilin. 

Once I had a severe attack of fever and a^e, which seemed 
to set mv brain on fire, and for fear I should lose command of 
my mmd I gave my passport and money to mv servant and 
ordered him to be sure to take care of me if I should become 
delirious, and to take me along with him to Hankow where my 
friends would reward him with an ample present. Fortunately, 
after suffering severely for a few days, I shook off the disease, 
encouraged by the idea that every hour was bringing me nearer 
the end of my weary journey. For the last fifteen days I did 
not once have an opportunity of leaving my boat and walking 
alonff the bank, the country was so completely submerged by a 
floo£ The fever again be^an to bum in my veins but the ex- 
citing thought that soon I should be free from my persecutors 
snstamed me until I found myself once more in the house of 
some American fiiends. All cause for solicitude was then over 
and for a week the doctor ordered me to keep my chamber. 

This journey was undertaken with the hope of ascertaining 
the kinds of the rocks in the region traversed and the order of 
their superposition. The time chosen was the dry season, and 
admitted oy all to be a very dry season. In such a coun 
try where no artificial sections can be seen, perhaps the river 
cluuanels and the gorges in the mountains offer as good facili- 
ties as can be found, to ascertain the geological structure of a 
country. I therefore made my journey mostly in boats, which 
over a large portion of the area were the only means of traveling 
from place to place. It was only necessary to keep the boat 
near the bank and the strata could be seen and followed con- 
tinously mile after mile, and when that series disappeared, 
those aoove it or below it could be studied in the same man- 
ner. In this way, from actual observation, the series was found 
to be : First and lowest ^ granite; on which rests the second 
formation composed of grits and slates, I am not aware that 
any fossils have ever been discovered in these rocks. These 

S'ts and slates are covered by the third formation of old 
lestoneSf which the fossils obtained at Sinchau lead us to 
regard as probably belonging to the Devonian age. On these 
rest, fourthly, another series of limestone strata of the same 
geological age as the coal beds. A rare collection of fossil 
plants of these rocks in the neighborhood of Peking was given 
me by TAbbc David. They probably belong to the same 
geological age as the fossil plants s^nt by Mr. Pumpelly to Dr. 
NewTOrry, who regards them as later than the Carbonifero\ia 

Am. Jour. Sol— Secohd Sekibs, Vol. XLVI, No. 130.— 3\:iA,\^^e^. 
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period and probably Triassic. My journey through the great 
coal fields of Hunan also gave me an opportunity of more 
narrowly defining its limits. The route herein described was 
the one chosen for a railroad between Canton and the southern 
parts of the empire, and Hankow and the central parts of the 
country. But no one had been through the mountainous re- 
gions and ascertained whether there was a break in the Meiling 
Kange or whether great tunneling would be necessary. Hav- 
ing passed over the whole area, I am prepared to say that there 
is no physical feature that would render the construction of 
such a road a work of any greater difficulty there than in a 
very hilly land. The great obstacles to such work in every 
part of China are, first, their bitter hostility to foreigners, and 
secondly, their superstitious fears that any such work " will af- 
fect the winds and rain and deluge their crops with floods or 
parch them with heat.'' The prevalence of this belief, and the 
extent to which it influences all their actions, are most sur- 
prising. 

All over the empire are seen from place to place, deserted 
quarries of limestone and sandstone, and lead and other mines 
excepting coal. On inquiring why they do not continue to 
work in these places, the invariable reply has been " because it 
is forbidden by the Emperor.'' But in pressing this question 
farther I have found in every case except one that the Imperial 
edict has been made in this way. When a man commences 
an excavation, the neighboring commutfity draw up a petition 
that this man be compelled to stop forthwith, that they may 
not lose their crops. This petition is handed to the Emperor, 
who not daring to oppose the will of the majority, in a most 
condescending manner says let the petition be granted. The 
work is then ended and thus the Emperor, while he plays the 
part of an absolute monarch, is really a supple slave. These 
facts therefore show that there is little or no inducement for 
either native or foreign capitalists to commence a railroad or 
anv other such work in China untU the government wiU not 
only give its consent, but also can and vnU guarantee to pro- 
tect such property or fully make up any damage the people 
may do. When this can be done, it is as certain that railroads 
will pay there as that native and foreign merchants find it profit- 
able now to use steamers on the Yangtse and Canton rivers and 
along the sea coast. Then, and not till then, will these great 
improvements be begun in China, and her future promise to 
be something more than a mere repetition of the past. 

Up to the date of this journey it had been a matter of spec- 
ulation whether there was a water communication between the 
river system of the Sikiang and that of the Yangtse. This 
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gaerr is at once answered by the fact, that if the gentry of 
Kweilin and the people in the adjoining country had allowed 
me to proceed at my leisure and had not forced me to £y for 
my life, I oonld, even in that remarkably dry season, have per- 
formed the whole journey in boats except nine miles ; and I 
am confident that if I had left Canton m the rainy season I 
coold haye made the whole distance of two thousand miles, 
through the interior of China, and come out to the sea coast 
again at Bhanghai t» one and the same hoot. 

This enables us to realize that the next wonder in regard to 
China, after the density of her populatioD, is the completeness 
of her internal water communication. 



Abt. II. — Preliminary notice of a Scorpion, a Eurypterua ? 
emd other /ossils, from the votd-meaeurea of Illinois; by 
F. B. Meek and A. H. Worthrm. 

Ahohqst some fossils discovered last summer by Mr. Joseph 
Even, ID the iron nodules of the Coal-measures at Mazon creek, 
Grondy county, Illinois, and loaned by him for the use of the 
Illinois Geological Survey, there are a few types of such unu- 
sual interest, that we have thought it desirable to present a pre- 
liminary notice of them, in advance of more extended descrip* 
tious and illustrations, to appear iu one of the reports of the 
Survey. 

The first of these is a fine Eurypterus, or a species of a 
closely allied genus, between the size of E. remipes and E. ro- 
bustua. The specimen consists of an impression in the matrix, 
of the under surface of all the thoracic, and a part of one or 
two of the abdominal segments, in a more or less nearly perfect 
condition ; with the operculum or thoracic flap, the posi^oral 
plate, and the maxillary or basal joints of the swimming feet, 
all in place. There are also prints of some of the succeeding 
joints of one of the latter organs, and its oar-like expansion, 
and obscure impressions of three of the smaller legs on one side, 
and some of the basal joints of the same on the other side ^ — 
all converging to the positioD of the month iuunediat^ly in 
front of the post-or&l plate. Ab the caiapsea^tttfbi^dorBal 
portions of the thorax are enveloped in tfia/^^^^^^^ " 
concretioD, which was not found, and the ] 
of the abdomen and the telson extended I 
the concretion, we know nothing of the n 
parts. 
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The post-oral plate is about 0'76 inch in length, and 55 
inch in breadth, the widest part being veor slightly behind the 
middle. Its general form is subovate. From near, or a little 
behind the middle, it rounds off rather rapidly to the rounded 
posterior end, and t&pers more CTadually to the anterior ex- 
tremity, which is rounded on each side, and rather distinctly 
emarginate in the middle. The maxillary joints or plates ot 
the swimming feet expose a subtrigonal outline — their length 
being 0*85 inch, and their breadtn at the posterior margin 
about 0*70 inch. Their lateral slopes are slightly sinuous 
along the middle, while their anterior ends (or the portions 
exposed) are very narrow, pointed, curved inward, and extend 
scarcely beyond the anterior end of the post-oral plate. The 
succeeding joints are visible, but scarcely in a condition to be 
described. 

The thorax measures 2'45 inches in breadth near the middle, 
and a little more than 2 inches in length. Its middle seg- 
ments (on the ventral side) are 0*35 inch in length or anterio- 
posterior diameter, while the aaterior and posterior ones, es- 
pecially the latter, are shorter ; and they are all rounded on 
their posterior lateral angles. Some imjpressions in the matrix, 
however, show that the lateral terminations of the dorsal por- 
tion of the posterior thoracic segments or rings extended out 
beyond the rounded ends of those below into acutely pointed 
extremities, directed obliquely outward and backwara. These 
projecting points of one of the posterior thoracic segments are 
seen to extend out obliquely 0*46 inch beyond the rounded 
terminations of those below, and to terminate in very acute 
points. A portion of one of the anterior abdominal segments 
remaining, if not accidentally slipped a little to one side, 
shows that the abdomen is comparatively narrow, and that its 
segments have the posterior lateral extremities terminating in 
strong angular processes, nearly straight behind, but with an 
oblique anterior margin. 

The operculum, or thoracic flap, has its lateral alas, as in the 
typical species of Eurypierus, looking as if composed of two of 
the body segments anchylosed, the anterior one being not more 
than half the breadth (more properly length) of the other, which 
is of the same size as the body segments.^ Its mesial appendage 
is remarkably long, as it can be traced back beyond the poste- 

* These akc in E. remipes^ and other Silurian spedes, resemble body segments 
80 doselj that thej were actually mistaken by Prof. Hall, for ''andiyloeed first 
and second segments of the body " (Palaeont. N. Y. vol 3^ p. 398, fig. 3, 1 and 
2), and not suspected by him to be homologous with any part of the Aree opercu- 
lum itself, of the genus Limulus, This error has been pointed outvand correoted 
by Mr. Woodward, in his memoir on the genus Pterygitw, published by ih» Pa- 
leontographical Society, pp. 40 and 41 — 1866. 



Awn the Coal-meaewei (^ lUinoU. 21 

rior marnn of ihe fifth thoracic segment, or to a length of 1*60 
inches, vhUe we are ahnost poeitiyely sure it ia not bipartite 
at the extremity. There ia also on each side of the anterior, 
or attached extremity of the mesial appendage, a small spatu- 
lat« piec^ not correspondipg to any of the parts of the opercu- 
lum of Surmterua, as hitherto illustrated, so far as we have 
yet seen. 'Hteee are abont 0*41 inch in length, and 0*15 inch 
in hreadth, with nearly parallel sides and pointed anterior ex- 
b«mities, while their posterior ends are transversely truncated, 
with lat^ial angles rounded. Their anterior pointed ends ter- 
minate nearly in contact with the posterior angles of the two 
little "interralated pieces" (a a) of Prof Hall's fig. 3, p. 398, 
ofthirdToLPal»ont, N. Y.; ho that they occapy exactly the po- 
ution of what are apparently intended in that figure to represent 
the inner truncated ends of the lateral ahe, immediately on each 
side of the mesial appendage. Tber are proportionalhr wider, 
however, and extend hack slightly beyond me postenor mar- 
gins of the lateral alse, and are certainly separate pieces. They 
were evidently over-lapped, on their inner edges at least, by 
the mesial appendage, and look as if, in case they were attach^ 
at aU to the operculum, it must have been to its inner side. 
Possibly, however, they were really attached to the anterior tho- 
racic segment, acai form no part of the operculum itself; in which 
case they would seem to represent, though greatly smaller, the 
membranaceous modified feet of Limulus, bearing the bntnch- 
iffi. As now seen, however, in the condition of impressions, 
they certainly look as if appendages of the operculum ; while 
they show the same scaly sculpturing seen on other parts of 
the surface. 

All the portions of the under side of the fossil, that have 
left their impressions in the matrix, were provided with fine 
sabimbricating scale-like markings. 

From some of the characters mentioned, particularly the 
great length and non-bipartite extremity of the mesial appen- 
ds of me operculum, and the presence of the two additional 
spatulate appendages, one on each side of the mesial one, we 
are very much Inclined to believe other characters will be 
found, separating this species generically, cr at least i 
generically, from the typical Eurypteri. If ho, it mi 
called ArUkraconectea. For the present, however, we l. 
designate it as JEurypterva (Anthraconectei) Mazonenna, , 

It is worthy of note here, that Jordan anil von Mvvwl 
proposed the name Adelt^kalmua, for a ty^i« from tD4fl 
measures of Bohenua, very similar to Eurypicrua, but dfiT^ 
in having no ^es, »t IsMt in tlie position they occupy | 
ryptenu; while it alio^^M|i|AHiiig the lateral e~ 
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of the dorsal half of each thoracic segment more pointed 
and projecting apparently farther beyond those helow. Ab 
our rossd shows uie latter character (but with these project- 
ing extremities much more acutely angular), as well as the 
same sudden contraction in the breadth of the body, behind 
the sixth or seventh s^ment, it is barely possible it may be 
found to belong to the same group, and hare to take the name 
Adelopthalmus Mazonensis. As their type, however, shows 
only tne upper side, and ours the impression of the lotoer only, 
we nave not the means of settling this question at present. 

Another specimen, irom the black shale of the Coal-measures 
of Grundy county, near the Mazon creek locslitf, but from appa- 
rently a little higher horizon, has exactly the form and appear- 
ance of one side of the carapace of a large Ceratiocaria; to which 
genus wp would have no hesitation in referring it, were it not for 
its rather solid shelly texture, non-striate sur&ce, and the &ct 
that that genus has not hitherto, we believe, been found in 
the Carboniferous rocks. It is quite thin, however, of an ir- 
regular rhombic subovate form, and nearly as large as C acu- 
minatua (3d vol. N. Y, Palaeont. pi, 84, fig. 6), wiich it resem- 
bles in general outline, excepting that its truncated posterior 
margin is so deeply sinuous as to leave the posterior dorsal 
extremity above the sinus (as well as that belov^ rather acutely 
angular ; while its anterior extremity, above the obliquely 
truncated antero-ventral margin, is obtuse instead of pointed 
Its basal mai^n is also more prominent slightly behind the 
middle. The sur&ce shows no striee, or other markings, and 
the margins are smoothly and sharply defined ; that of its 
posterior sinuous edge being also neatly beveled. It may be 
called CercUiocaris f sinuatus. 

Length, 3-36 inch ; height, 2-75 inch. 

The specimen of the scorpion alluded to at the head of this 
notice, consists of a cast and mould of the fossil, as revealed in 
splitting open a concretion ; and shows most of the cephalo- 
thorax and mandibles, in a somewhat crashed condition, the 
dorsal side of the seven abdominal s^;ments, and three of those 
of the tail, all in place : — also four of the legs on one side, and 
one of the peculiar comb-like organs, characteristic of the fiunh 
ily Scorpionidas, detached and Tying in the matrix near one 
side of the abdomen. 

The cephalothorax seems to be sub-quadrangular infiojlLj 
somewhat wider (behind) than long, the breadth beit« Itbi^JI 
0'45 inch. Unfortunatdy it is not in a condition to M 
ocelli, nor can we see wbether or not its anterior edge u 
^ate. Its posterior edge has a very slender, minnr 
nate, raised marginal line, from a little in advance 




from the Coal-meaaurea of ISinots. 23 

there oriKinates a distmct mesial furrow, that extends forward 
to near the middle of the shield, where it is intersected by two 
oblique farrows, with the prominence for the mesial oceUi be- 
tween them. Two other deep lateral furrows extend, one on 
each side, from the posteiior end of the meBial one, obliquely 
outward near the posterior margin. The surface is ornamented 
with irregular scattering granules, mostly upon the promi- 
nences })etween the furrows. The mandibles are very stout, 
with the structure of those of the true Scorpumidce, and seem 
to be without distinct teeth ; movable finger curved and sharp 
at the point. Palpi unknown. Lees stout, long, with long 
joints gradually decreasing in breadth, and apparently like aU 
the other parts, withont hairs, serrations or spmes. 

The abdomen is a Utile more than twice the apparent length 
of the cephalothoraz, or about 0*90 in. in length and 0'60 in. 
wide, and has its Segments (on the dorsal side) gradually in- 
creasing in their antero-posterior diameter backward to the 
sixth one, the anterior* one being narrowest in the middle, in 
consequence of the broadly sinuous character of its anterior 
margin ; the first, second and sixth ones have their latter ex- 
tremities rounded, — the third, fourth and fifth have them 
rounded in &bnt, and.nearly rectangular behind. The seventh 
or last abdominal segment is twice and a half as long as the 
sixth or longest of the others (being 0*35 inch long and 0*48 
in breadth), subtrigonal in form, with the posterior angle 
broadly truncated for the attachment of the tail, and the ante- 
rior lateral angles narrowly rounded. They aU have the sur- 
£u;e a little granular, the granules being very small and ar- 
ranged along near the posterior margins. The last one also 
shows, on the posterior half of the middle, two longitudinal, 
parallel rows of rather crowded minute punctures. 

Of the tail, only the anterior three segments are preserved in 
the specimen. These show that it was rather stout, but as dis- 
tinct from the abdomen, by its suddeu contraction in breadth, 
and the form of its segments, as in the living examples of the 
ScorpionidcB. It segments measure as follows : — first one, 026 
inch in length and 024 in breadth ; second, 034 in length and 
0-22 in breadth; third, 037 in length and 018 in breadth. 
They are ail oblong in fomi, more or loss nearly rectangular at 
their ends, and, as near as can be ddterminod from a flattened 
I specimen, apparently provided ivith three longitudinal ridges, 
vith 8cattaimB)nM||Labovo. 

The ^UH^^^^^^k|b-Uke organ seen lying in the mat- 
rir on -^^^^^^^^^^^fmen shows eleven of the little bars 
^^^^^^^Htgi both ends. 
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bears apparently three or four short, pointed, rigid spineSi di- 
rected ooliquely backward, and arranged so as to form ag 
many longitudinal rows along the back and dorso-lateral parts 
of the animal. Some of these spines are seen to give off a 
small, short, lateral fork, or branch, on the anterior or poste- 
rior side. 

On the under side of the body there are, as already stated, 
two segments, or rather two half rings of the dermal integu- 
ment, to each one above, and these of course are scarcely bilf 
the size of those above, though each bears a pair of small slen- 
der jointed legs, about 0*20 inch in length, in the specimen 
nearly 4 inches long. So far as can be made out, there are at 
least five gradually tapering joints to each leg. In some of the 
specimens these lower segments show appearances of somethiDg 
luce spiracles, though we are not sure that they are such. For a 
long time we failed to detect joints in the 1^, but in some of 
the specimens now before us they can be clearly seen. 

Under a magnifier, the impressions of the body rings in the 
matrix show a minutely granular kind of marking, that most 
have been produced by minute pitting of the surfisu^. No 
hairs, however, have been seen projecting from any part of the 
fossil. 

For this uncouth looking creature, we would propose the 
generic name Euphoheriaj in allusion to the formidable 
appearance a living example, more than a foot in length, 
must have presented, when alive and moving abouL with 
its back bristling with forked spines, and its 150 legs in 
motion. Some fragments in the collection are much larger 
than the most complete specunen from which our measure- 
ments are given, and if of the same proportions, the individu- 
als to which they belonged must nave been from 12 to 15 
inches in length, and near i of an inch in diameter. The 
specimens seem to belong to two species, one comparativelv 
small, and one large. For the smaller typical one, from whicm 
the foregoing description was made out, we would propose the 
name Ja.armigeray and for the larger JS. major. ^ 

On comparing our specimens with a curious jointed, spinifer- 
ous fossil, figured and described by Mr. Salter in the Quarterly 
Journal of the Geological Society of London, vol. xix., p. 84, 
fig. 8, from the Staffordshire Coal-measures, under the name 
Eurypterua f (Arthropleura) ferox, we can scarcely entertain 

* Jordan and von Meyer have proposed the name Chonionoiua (see Palsecmto- 
naphica, yoL i, 1856, pi. 11, fig. 3) for a fhigment of a jointed fossil, ftom the 
Gofd-measures, that may poasibly belong to the under side of a species of this 
genus, though it is not yerj probable that it does. If it does, however, our gen- 
eric name would haye to be abandoned, and the name of our species would be- 
come ChonianotuB armiger, and C, major. 
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a doubt of their generic identity. Indeed, if it were not that 
his species has the dorso-lateral spines each provided with 
three instead of two prongs, and proportionally longer, it 
would be difficult to point out even specific differences. His 
specimen consists merely of the dorsal side of six of the seg- 
ments preserving the dorso-lateral rows of spines, and two dor- 
sal rows of tubercles, which we are inclined to think must 
have also borne spines. Mr. Salter thought it probably a part 
of the central lobe of a trilobate Eurypterua. or some allied 
genus, an opinion he would not for a moment nave entertained 
(provided we are right in regard to its relations to our fossil) 
lutd he seen a specimen showing a side view of even a few seg- 
ments of the animal. At any rate, our fossil is entirely dis- 
tinct, in all respects, from the typical species of ArthropUura 
of Jordan and von Meyer, which is almost certainly a Crus- 
tacean. 

Supplementary Note on some of the Morris Orustaceay dkc., 

formerly described. 

A number of additional specimens now before us, in various 
conditions of preservation, of some of the articulates already 
described and figured in the Illinois State Geological Report, 
from the Grundy county locality, enable us to add some facts 
in regard to these fossils not determinable from the specimens 
first obtained. This additional information we give below : — 

1. Genus Acanthotelson, It is a little remancable, that all 
the specimens of the two known species of this genus, at first 
obtained, lie flattened in the concretions on one side or the 
other, as shown in our figures. The fact that so many indi- 
viduals had been thus found, and none enveloped as if stand- 
ing with the thoracic legs spread out on each side for walking, 
led us to think the former probably their natural posture, and 
that like the typical AmphipodUy they might not have had the 
power of standing upon their legs. Several of those more re- 
cently obtained, however, are enveloped in such a manner, that 
in splittinc^ open the concretions in the plane of their greatest 
(horizontal) diameter, we have exposed a dorsal view of the fos- 
sil, with its thoracic legs extended out on each side, so as to 
show that the animal could probably stand and walk upon 
them, and that this may have been its natural attitude. It is 
also worthy of note, that in all these specimens, the thoracic 
legs are aU directed forward, and not a part of them forward 
and a part backward, as in most of the Amphipoda. 

These specimens also clearly show that the last joint of each 
5tylet is, as we had conjectured, bipartite, the two terminal 
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pieces of each being exactly alike, and scarcely distinguishable 
in size and form from the telson. They likewise appear to 
show that the stylets do not, as we had supposed, connect 
with the same segment as the telson, but probably with the 
next one in advance of it, and that both the stylets and telson 
are horizontally flattened. Our outline restoraticms of these 
parts in this tjrpe, on the plate cited, would be corrected, if 
this suggestion is right, by marking on a short inconspicuous 
segment, from the anterior end of the telson^ as now repre- 
sented. 

One specimen of apparently a new species, nearly allied to 
A. Btimpaoniy has tne peduncles of the outer antennae wdl 
preserved, and shows them to be stout, and composed of three 
joints. Its body is proportionally about one-fourth longer 
than that of ^. Stimpsoniy with proportionally larger anterior 
legs. As seen on the dorsal side, its body is long, narrow and 
rounded, with parallel sides, excepting a few of the posterior 
segment, which gradually taper to the tel8(m. For this larger, 
more elongate species, we would propose the name A. Eveni, 
after Mr. Joseph Even of Morris, who has discovered most of 
these interesting fossils. 

Several of the specimens show that none of the thoracic legs 
of this genus bifurcate as in the genus Oampaonyx. 

2. Genus Palceocaria. We are now nearly satisfied, from 
additional specimens, that the caudal appendages and jointed 
body represented by our figure 5a, pi. 32, of the Illinois Keport, 
really belong to the same species as the specimen represented 
by figure 5 of the same plate, as we had supposed. 

Since we now know that in Acanthotdson the stylets and 
telson are horizontally fiattened, and that the animal had its 
legs constructed for walking, and, like its antennsB, very simi- 
lar to those of the type of PcdcROcariSy we think these types 
more nearly allied to each other, and to Oampaonyx, in some 
characters, than we had supposed, but still quite distinct from 
the latter type, in not having the legs divideid, and in the dif- 
ferent characters of their telson and stylets. We hope to be 
able to illustrate all these points by figures, before long. 

Genus Anthracerpea. As no fragments of this fossil have 
been obtained showing any legs, we are inclined to the opinion 
that it may be an Annelid. 
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Abt. III. — On the formaJtiqn of Nitrite of Ammonia ; by 
O. Loew, Assistant in the Chemical Department of City 
College^ New York. 

Many years a^^ Liebig showed that alloxan, the immedi- 
ate product of the oxydation of uric acid, yields with ammo- 
nia, a substance of a bright red color, murexyd. Ammonia, 
has therefore been used for many years as a good reagent for 
alloxan, and for uric acid. Of course, therefore, alloxan can 
be also employed as a good reagent for anmionia ; extremely 
small traces of ammonia indeed, can be found in this way, if 
necessary precautions be used. In order to have alloxan in a 
convenient form as a reagent, I dipped strips of Swedish filter- 
paper in a solution of alloxan and dried them in vacuo, after 
having put them into dried ether. In preparing the paper at 
first, I employed for drying it, the water-bath ; but always, 
before it was perfectly dned, it became red. Afterward I 
dried it in a bell-jar over sulphuric acid; but here too remarked, 
that the ends of the strips became red. This appearance 
seemed to me extremely singular and remarkable. All the 
glass vessels, that I used, were perfectly clean ; the air in the 
bell-jar could not possibly contain ammonia, bv reason of the 
contact with the sulphuric acid ; and on the other hand I was 
sure, that the bell-jar was well closed, so that it was impossi- 
ble for a trace of ammonia gas to enter from the outside. I 
repeated this experiment in a modified manner, namely : — I 
put some milligrammes of alloxan in a test-tube and poured 
some drops of water on them (distilled water I avoided be- 
cause of its containing anmionia) and placed some strips of 
Swedish filter paper in the test-tube in such a way that the 
lower ends dipped into the above mentioned solution of alloxan, 
and the upper ends projected a little above the mouth of the 
tube. The test-tube was then set upright in a bottle (for sup- 
port), and both were placed in a vessel containing sulphuric 
acid and standing on a glass plate. A bell-jar was put over the 
whole, taking care that the junction was air-tight. The appa- 
ratus was then set in a place where ammonia had never been 
used. Next day the tips of the projecting ends began to turn 
red, and the redness increased, until the last trace of water 
was evaporated out of the test-tube. I made this experiment 
the third time, taking care as before, that the vessels I used 
were perfectly clean. The bell-jar and test tube were washed 
with diluted sulphuric acid, afterward with alcohol, the strips 
were not touched with the fingers, only a pincers was em- 
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ployed. At first I did not remark any reddening, but it be- 
came visible in an extremely short time, when the apparatus 
was placed in the sunlight. I repeated this experiment more 
than once and always found, that — 1, this red color appears 
only at that part of the paper where the evaporation of the 
water takes place. 2. This discoloration does not increase after 
all the water is evaporated and absorbed by the sulphuric 
acid. 3. This phenomenon makes its appearance very quickly 
in the sunlight, and slowly in diffused daylight. 

Now what are the reasons of this phenomenon ? Only one 
explanation suggests itself, and that is given by the discovery 
of Schoenbein, in regard to the formation of nitrite of ammo- 
nia from water and nitrogen. There can be no doubt that this 
coloration only comes from the nitrite of ammonia, formed by 
the evaporation of such a small quantity of water. The open 
end of the test-tube was in contact with the dried air in the 
bell-jar ; therefore, the upper ends of the strips projecting out 
of the tube were the chief seat of evaporation. The lower ends 
sucked up the same amount of water as the upper lost. Thus 
a considerable amount of water evaporated from a very limited 
space; the generated nitrite of ammonia was therefore also lim- 
ited to this space, and on the other hand, the solution of al- 
loxan became concentrated here also, forming a crystalline sur- 
face on the ends of the paper. In the ordinary evaporation 
of water, the newly formed nitrite of ammonia is quickly de- 

NH } 

stroyed again, generating water and nitrogen : — ^^ • > 0= 

2H2O4-2N (0=16.) But in our case every trace of thia salt 
is quickly fixed by the alloxan, murexyd being formed, which 
is the cause of this reddening. If one employs a concentrated 
solution of alloxan, the experiment will not always succeed, be- 
cause the crystalline surface formed by it will not allow the 
water to be sucked up, and therefore the place of evaporation 
changes. On the other hand, the ammoma salt thus formed 
is mixed with a large amount of alloxan, so that the phenom- 
enon does not become so readily visible. That not only free 
ammonia can produce murexyd, but also the nitrite, I have 
proved ; many other anmionia salts produce this color, with 
alloxan. One sees from this experiment that doubtless every 
drop of water by its evaporation yields a certain quantity of 
nitrite of ammonia, and further that the direct sunlight ac- 
celerates in a great degree this formation. If we consider the 
amount of carbonic acid and ammonia in the atmosphere, we 
find the proportion of : N=300 : 1 (N in the form of am- 
monia), but if we compare with that, tbe proportion of these 
two elements in the body of vegetables, we find on an average 
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the ratio of 50 : 1. Whence then comes the nitrogen that is 
required to make up the proper proportion ? The ammonia of 
the soil is not ahle to give a sufficient answer to this question, 
hut we have here the explanation : In the direct sunlight y not 
only the carbon cmd hydrogen are taken up in a higher degree j 
hut also the nitrogen of the air, the latter being quickly convert 
ted into the easily assimilable Jorm oj nitrite of ammonia. 

New York, April 1, 1888. 



Art. IV. — Notes on some Algce from a Califomian hot 
Spring ; hy Dr. H. 0. Wood, Jr., Professor of Botany in 
the University of Pennsylvania. 

Some time since Prof. Leidy handed me for examination a 
numher of dried Algae, which he had received from Prof. Seid- 
ensticker, by whose sister, Mrs. Partz, they had been gathered 
in the '^ Benton Spring," which is situated in the extreme 
northern point of Owen's Valley, Califomia, 60 miles south- 
west from the town of Aurora. Afterward a number of simi- 
lar specimens came to me directly from Mrs. Partz by mail. 
The subject of life in thermal springs is one of so much gen- 
eral interest, especially in connection with that of spontaneous 
generation, as to induce me to make a very careful examina- 
tion of the material and offer the results to the readers of this 
Journal. In this connection the following extract from a 
letter of Mrs. Partz to her brother is very relevant : 

" I send you a few samples of the singular vegetation devel- 
oped in the hot springs of oiu- valley. These springs rise from 
tne earth in an area of about 80 square feet, which forms a 
basin or pond that pours its hot waters into a narrow creek. In 
the basin are produced the first forms, partly at a temperature 
124''-135'' F. Qradually in the creek and to a distance of 100 
yards from the springs are developed at a temperature of 110°- 
120° F. the Alg89, some growing to a length of over 2 feet, and 
looking like bunches of waving hair of the most beautifril 
green. Below 100° F. these plants cease to grow and^ive way 
to a dimy fungus growth, though likewise of a beautiful green, 
which finally, as the temperature of the water decreases, also 
disappears. They are very difficult to preserve, being of so 
soft and pulpy nature as not to bear the least handling, and 
must be carried in their native hot water to the house, very few 
at a time, and floated upon paper. After being taken from the 
water and allowed to cool they become a black pulpy mass. 
But more strange than the vegetable are the animal organiza- 
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tions, whose germs, probably through modifications of successiYe 
generations, have finally become indigenous to these strange 
precincts. Mr. Partz and myself saw in the clear waters of the 
basin a very sprightly spider-like creature mnning nimbly over 
the ground, where the water was 124'' F., and on aAothar occa- 
sion dipped out two tiny red worms." 

In regard to the temperatures given and the observations as 
to the presence of animal life in the thermal waters, Mr. Wm. 
Gabb of the State Geological Survey states that he has visited 
the locality, knows Mrs. Partz very well, and that whatever 
she says may be relied on as accurate. 

The color of the dried specimens varies from a very elegant 
bluish green to a dirty greenish and fuscous brown. After 
somewhat prolonged soakmg, in hot water, the specimens re- 
gained apparently their original form and dimensions, and were 
found to be in very good condition for microscopical study. 

The plant in its earliest stages appears to consist simply of 
cylindrical filaments, which are so small that they are resolved, 
with some difficulty, into their component cells by a first clara 
Jth objective. Fronds composed entirely of filaments of this 
description were received. Some of these were marked as 
" first forms," and as having grown in water at a temperatme 
of 160° F. Probably these were collected immediately over 
the spot where the heated water bubbled up. At this temper- 
ature, if the collection made is to be relied on as a means of 
judging, the plant does not perfect itself. To the naked en 
these "first forms" were simply membranous expansions of a 
vivid green color, and indefinite size and shape, scarcely as 
thick as writing paper, with their ed^es very deeply cut and 
running out into a long waving hair-like fi^inge. Other speci- 
mens which grew at a much lower temperature exactly simu- 
lated those just described, both in general appearance and mi- 
croscopical characters. 

These I believe are the immature plant. 

The matured fronds, as obtained by the method of soaking 
above described, were "gelatinous-membranous," of a dirty 
greenish or fuscous brown at their bases and bright green at 
their mar^nal portions, where they were deeply incised and 
finally split up into innumerable hair-like processes. Proxi- 
mally they were one or even two lines in thickness, distaliy 
they were scarcely as thick as tissue paper. Their bases were 
especially gelatinous, sometimes somewhat translucent, and 
under the microscope were found to have in them only a few 
distant filaments. 

Two sets of filaments were very readily distinguished in the 
adult plant. The most abundant of these, and that especially 
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and in the distal portions of the fronds, were composed of 
liform cylindrical cells, often enclosed in a gelatinous sheath, 
lie diameter of such filaments varies greatly ; in the larger the 
eaths are generally apparent, in the smidler they are fre- 
lently indistinguishable. 

In certain places these filaments run more or less parallel 
le by side, and are ^lued together into a sort of membrane. 

is only in these cyhndrical filaments that I have been able 

detect heterocysts, which are not very different from the 
her cells. They are about one-third or one-half broader, and 
e not vesicular but have contents similar to those of the 
her cells. In one instance only was I able to detect hairs 
3on these heterocysts. 
The larger filaments are found especially near the base and 

the other older portions of the frond. Their cells are gen- 
ally irregularly elliptical or globose, rarely are they cylin- 
icaL 

They are mostly of an orange brown color, and there exists 
particular gelatinous coating to each cell rather than a com- 
on gelatinous sheath to the filament. These larger threads 
e apparently produced from the smaller filaments by a pre- 
ss 01 growth. 

Near the base and in the under portions of the fronds, these 
aments are scattered in the homogeneous jelly, in which they 
n infinitely diverse courses. In the upper portions of the 
Dud and at some little distance from the base, the adjoining 
lis are very close to one another and pursue more or less par- 
lel courses, with enough firm jelly between to unite them 
to a sort of membrane. 

This plant certainly belongs to the Nostochaceee, and seems 
sort of connecting link between the genera Hormosiphon of 
iitzing and Nostoc. 
The best algologists now refuse to recognize the former group 

generically distinct, and the characters presented by this 
ant seem to corroborate that view. 

The species appears to be an undescribed one, and I would 
opose for it the specific name Oaladarium, which is suggested 
^ its place of growth. There are several species of allied 
nera, which grow in the hot springs of Europe, but no true 
ostoc has, I believe, before been found in thermal waters. 
lie following is the technical description of the species : 
N, caladariumj sp. nov. — ^N. thaUo maximo, indefinite ex- 
tnso, aut membranaceo-coriaceo vel membranaceo-gelatinoso 
1 membranaceo, aut laate viride vel sordide olivaceo-viride 
1 olivaceo-brunneo, irregulariter profunde laciniato-sinuato, 
timo eleganter laciniato ; trichomatibus inaBqualibus, inter- 
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dum flexuoso-curvatis, plenimqne snbrectis et arete eonjonctis, 
in formis doabus occurrentibus ; forma altera parve, viride, 
articulis cylindricis^ cum cellulis perdurantibufi Lie illic inter- 
jectis, vagiDis interdum obsoletis^eaBpius difflaentibuByinstmcta; 
forma altera maxima, articulis globosis vel obloDgis, aurantJaco- 
brunneis, cellulis perdurantibus ab ceteris baud diversis. 

Diam. Cellulaa cylindricsB maximao jzijz ^^c- CeUol® 
perdurantes j^Vt ^°c. 

Diam. Formae primsB articuli maximi ttttit ^^c- Cellul® 
perdurantes 77V 7 ^^<^* Formao secundaB articuli oblongi longi 
T Ao -fir'W nnc, lati ^^V h-tiVt, articuli globosi ^YVf-TiVr unc. 

Adherent to, and often more or less imbedded in, the fronds 
of the Nostoc, were scattered frustules of several species of di- 
a,toni8, none of vhich was I able to identify. In some of the 
fronds there were numerous unicellular Algas, all of tbem rep- 
resentatives of a single species belonging to the genus Chroa- 
coccus Ndgdi. This genus contains the very lowest known 
organisms — simple cells without nuclei, multiplying, as far as 
known, only by cell division. These cells are found single or 
associated in small families, and in certain species these families 
are united to form a sort of indeterminate gelatinous stratum. 
In this species the families are composed of but very few cells, 
surrounded by a very large, more or less globular or elliptical 
mass of transparent, firm jelly. The species is very closely 
allied to Chroococcus turgidus^ var. ihermalis Babenh^ from 
which it differs in the outer jelly not being lamellated. 

The following is the technical description of the species : 

C tJiermophiltcSy sp. nov. — Ch. cellulis singulis, aut geminis 
vel quadrigeminis et in familias consociatis, oblongis vel sub- 
globosis, interdum angulosis, baud strato mucoso formantibus; 
tegumento crassissimo, achroo, baud lamelloso. homogeneo; 
cytioplasmate viride, interdum subtiliter granulate, interdum 
homogeneo. 

Diam. CellulaB singulae sine tegumento longitude maxima 
Ts\z"i latitude maxima ^jVy". 



Art. VI. — On Faraday as a Discoverer ; by John T yndall, 

F.R.S.* 

Parentage: Introduction to the Royal Institution : Earliest Experiments: 

First Royal Society Paper : Marriage^ 

It has been thought desirable to give you and the world 
some image of Michael Faradat, as a scientific investigator 
and discoverer. The attempt to respond to this desire has 

* From the Report of the Ro7al Institution of Great Britain. 
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yeen to me a labor of difficulty, if also a labor of love. For 
lowever well acquainted I may be with the researches and dis- 
joveries of that great master. — ^however numerous the illustra- 
ions which occur to me of tne loftiness of Faraday's character 
ind the beauty of his life, — still to grasp him and his researches 
is a whole ; to seize upon the ideas which guided him, and 
connected them ; to gain entrance into that strong and active 
>rain, and read from it the riddle of the world — this is a work 
lot easy of performance, and all but impossible amid the dis- 
traction of duties of another kind. That I should at one 
period or another speak to you regarding Faraday and his 
«rork, is natural, if not inevitable ; but I did not expect to be 
called upon to speak so soon. Still the bare suggestion that 
this is the fit and proper time for speech sent me immediately to 
ny task : from it I have returned with such results as I could 
^ther, and also with the wish that those results were more 
worthy than they are of the greatness of my theme. 

It is not my intention to lay before you a life of Faraday in 
ihe ordinary acceptation of the term. The duty I have to per- 
form is to give you some notion of what he has done in the 
wrorld ; dwelling incidentally on the spirit in which his work 
Bv^as executed, and introducing such personal traits as may be 
lecessary to the completion oi your picture of the philosopher y 
though by no means adequate to give you a complete idea of 
the man. 

The newspapers have already informed you that Michael 
Paraday was bom at Newington Butts, on the 22nd of Sep- 
tember, 1791, and that he fell finally asleep at Hampton 
dourt, on the 25th of August, 1867. Believing as I do, in the 
general truth of the doctrine of hereditary transmission — shar- 
ing the opinion of Mr. Carlyle that " a really able man never 
proceeded from entirely stupid parents" — I once used the priv- 
ilege of my intimacy with Mr. Faraday to ask him whether 
Ills parents showed any signs of unusual ability. He could 
remember none. His father, I believe, was a great sufferer dur- 
ing the latter years of his life, and this might have masked 
nrhatever intellectual power he possessed. When thirteen 
jrears old, that is to say in 1804, Faraday was apprenticed to a * 
bookseller and bookbinder in Blandford street, Manchester- 
square : here he spent eight years of his life, after which he 
ivorked as a journeyman elsewhere. 

You have also heard the account of Faraday's first contact 
writh the Royal Institution : that he was introduced by one of 
the members to Sir Humphry Davy's last lectures ; that he 
took notes of those lectures, wrote them fairly out, and sent 
them to Davy, entreating him at the same time to enable him 
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to quit trade, which he detested, and to pursue science, which 
he loved. Davy was helpful to the young man, and this should 
never be forgotten : he at once wrote to Faraday, and after- 
ward, when an opportunity occurred, made him his assistant^ 
Mr. Gassiot has lately favored me with the following reminis- 
cence of this time : — 

^^ Claphah Common, Subbbt, 

"28^A November^ 1867. 

"Jff/ dear TyndaU^ — Sir H. Davy was accustomed to call on the 
late Mr. Pepys in the Poultry on his wajr to the London Institu- 
tion, of whicn Pepys was one of the original managers ; the latter 
told me that on one occasion, Sir H. Davy, showing him a letter 
said, ^ Pepys, what am I to do^ here is a letter from a young man 
named Faraday ; he has been attending my lectures and wants me 
to give him employment at the Royal Institution, tohat can I do f 
' Doy replied Pepys, ' put him to wash bottles ; if he is good for 
anything, he will do it directly ; if he refuses, he is good for noth- 
ing.' * No, no,' replied Davy ; * we must try him with something 
better than that.' The result was, that Davy engaged him to as- 
sist in the Laboratory at weekly wages. 

" Davy held the joint office of Professor of Chemistry, and Di- 
rector of the Laboratory ; he ultimately gave up the former to 
the late Professor Brande, but he insisted that Faraday should be 
appointed Director of the Laboratory, and, as Faraday told me, 
this enabled him on subsequent occasions to hold a defimte position 
in the Institution, in which he was always supported by Davy. I 
believe he held that office to the last. 

"Believe me, my dear Tyndall, yours truly, 

" Dr. Tyndall." « J. P. Gassiot. 

From a letter written by Faraday himself soon after his ap- 
pointment as Davy's assistant, I extract the following account 
of his introduction to the Eoyal Institution : — 

"London, Sept, ISeA, 1813. 
"As for myself I am absent (from home) nearly day and night 
except occasional calls, and it is likely shall shortly be absent en- 
tirely, but this (having nothing more to say and at the request of 
my mother) I will explain to you. I was formerly a bookseller 

* Here is Davy's reommendation of Faraday, presented to the managers of tiie 
^oyal Institution, at a meeting on the 18th of March, 1813, Charles Hatchett, 
Esq., in the chair : — 

''Sir Humphry Davy has the honor to inform the managers that he has found 
a person who is desirous to occupy the situation in the Institution lately fiUed by 
William Payne. His name is Michael Faraday. He is a youth of twenty-two 
years of age. As far as Sir H. Davy has been able to observe or ascertain, he 
appears well fitted for the situation. His habits seem g^ood ; his disposition 
active and cheerful, and his manner intelligent. He is willing to engage himself 
on the some terms as given to Mr. Payne at the time of quitting the Institation. 

" Resolved^ — That Michael Faraday be engaged to fill the situation lately occu- 
pied by Mr. Payne, on the same terms.** 
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and binder, but am now turned philosopher,* which happened 
thus: — ^Whilst an apprentice, I, tor amusement, learnt a little 
chemistry and other parts of philosophy, and felt an eager desire 
to proceed in that way further. After being a journeyman for six 
months under a disagreeable master, I gave up my buisness, and 
through the interest of a Sir H. Davy, filled the situation of chem- 
ical assistant to the Royal Institution of Great Britain, in which 
office I now remain ; and where I am constantly employed in ob- 
serving the works of nature, and tracing the manner in which she 
directs the order and arrangement of the world. I have lately had 
pro|>osals made to me by Sir Humphry Davy, to accompany him 
m his travels through Europe and Asia as philosophical assistant. 
If I go at all I expect it will be in October next — about the end, 
and my absence from home will perhaps be as long as three years. 
But as yet all is uncertain.'' 

This account is supplemented by the following letter, writ- 
ten by Faraday to his friend De la Rive,t on the occasion of 
the death of Mrs. Marcet. The letter is dated 2d Sept.^ 1858 : 

" Mr/ dear Friend^ — Your subject interested me deeply every 
way ; for Mrs. Marcet was a good friend to me, as she must have 
been to many of the human race. I entered the shop of a book- 
seller and iSookbinder at the age of 13, in the year 1804, remained 
there eight years, and during the chief part of the time bound 
books. Now it was in those books, in the hours after work, that 
I found the beginning of my philosophy. There were two that 
especially helped me, the 'Encyclopaedia Britannica,' from which 
I gained my first notions of electricity, and Mrs. Marcet's * Con- 
versations on Chemistry,' which gave me my foundation in that 
scieoce. ■ . < . . ■ • . 

"Do not suppose that I was a very deep thinker, or was marked 
as a precocious person. I was a very lively, imaginative person, 
and could believe in the * Arabian Nights ' as easily as in the ' Ency- 
clopaedia.' But facts were important to me, and saved me. I 
comd trust a fact, and always cross-examined an assertion. So 
when I Questioned Mrs. Marcet's book by such little experiments as 
I could find means to perform, and found it true to the facts as I 
could understand them, 1 felt that I had got hold of an anchor in 
chemical knowledge, and clung fast to it. Thence my deep vene- 
ration for Mrs. Marcet — first, as one who had conferred great 
personal good and pleasure on me ; and then as one able to convey 
the truth and principle of those boundless fields of knowled^Q 
which concern natural things, to the young, untaught, and inqmr- 
inff mind. 

** You may imagine my delight when I came to know Mrs. Mai- 
cet personally ; how often I cast my thoughts backward, delight- 
ing to connect the past and the present ; how oft^n, when sending 

* Faraday' loved this word and employed it to the last; he had an intense dis- 
like to the modem term physicist. 
f To whom I am indebted for a copy of the original letter. 
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a paper to her as a thank-offering, I thought of my first instmctress, 
and such like thoughts will remain with me. 

"I have some such thoughts even as regards your oton foUher; 
who was, I may say, the first who personfdly at Geneva, and after 
ward by correspondence, encouraged, and by that sustained me." 

Twelve or thirteen years ago Mr. Faraday and myself quit- 
ted the Institution one evening together, to pay a visit in Baker 
street. He took my arm at the door, and, pressing it to his 
side in his warm genial way, said, "Come, Tyndall, I will now 
show you something that will interest you." We walked 
northward, passed the house of Mr. Babbage, which drew 
forth a reference to the famous evening parties once assembled 
there. We reached Blandford street and after a little looking 
about, he paused before a stationer's shop, and then went in. 
On entering the shop, his usual animation seemed doubled ; he 
looked rapidly at everything it contained. To the left on en- 
tering was a door, through which he looked down into a little 
room, with a window in front facing Blandford street. Draw- 
ing me toward him, he said eagerly, " Look there, Tyndall ; 
that was my working-place. I bound books in that little nook" 
A respectable-looking woman stood behind the counter: his 
conversation with me was too low to be heard by her, and he 
now turned to the counter to buy some cai^s as an excuse for 
our being there. He asked the woman her name — ^her prede- 
cessor's name — his predecessor's name. "That won't do," he 
said, with good-humored impatience, who was his predeces- 
sor ? " " Mr. Riebau," she replied, and immediately added, as 
if suddenly recollecting herself, " He, sir, was the master of Sir 
Charles Faraday." "Nonsense!" he responded, "there is no 
such person." Great was her delight when I told her the name 
of her visitor ; but she assured me that as soon as she saw him 
running about the shop, she felt — ^though she did not know 
why — that it must " Su* Charles Faraday." 

Fai-aday did, as you know, accompany Davy to Borne ; he 
was re-engaged by the managers of the Boyal Institution on 
the 15th of May, 1815. Here he made rapid progress in chem- 
istry, and after a time was entrusted with easy analyses by 
Davy. In those days the Royal Institution published * The 
Quarterly Journal of Science,' the precursor of our own * Pro- 
ceedings,' Faraday's first contribution to science appeared in 
that journal in 1816. It was an analyses of some caustic lime 
from Tuscany, which had been sent to Davy by the Duchess of 
Montrose. Between this period and 1818 various notes and 
papers were published by Faraday. In 1818 he experimented 
upon "Sounding Flames." Professor Auguste De la Rive, 
father of our present excellent De la Rive, had investigated 
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those sonnding flames and had applied to them an explanation 
which completely accounted for a class of sounds discovered hy 
De la Bive himself. By a few simple and conclusive experi- 
ments Faraday proved that the explanation was insufficient. 
It is an epoch in the life of a young man when he finds himself 
correcting a person of eminence, and in Faraday's case, where 
its effect was to develop a modest self-trust, such an event 
could not fail to act prontably. 

From time to time between 1818 and 1820 Faraday published 
scientific notes and notices of minor weight. At this time he 
was acquiring, not producing ; working hard for his master and 
storing and strengthening his own mind. He assisted Mr. 
Brande in his lectures, and so quietly, skilftdly, and modestly 
was his work done, that Mr. Brando's vocation at the time was 
pronounced " lecturing on velvet." In 1820 Faraday published 
a chemical paper '^ on two new compounds of chlorine and car- 
bon, and on a new compound of iodine, carbon, and hydrogen." 
This paper was read before the Boval Society on the 21st of 
Dec. 1820, and it was the first of his that was honored with a 
place in the ' Philosophical Transactions.' 

On the 12th of June, 1821, he married, and obtained leave 
to bring his young wife into his rooms at the Boyal Institution. 
There for forty-sij: years they lived together, occupying the 
suite of apartments which had been previously in the succes- 
sive occupancy of Young, Davy, and Brande. At the time of 
her marriage Mrs. Faraday was twenty-one years of age, he 
being nearly thirty. Begarding this marriage I will at present 
limit myself to quoting an entrv written in Faraday's own hand 
in his book of diplomas, which caught my eye while in his 
company some years ago. It ran thus : — 

"25«A January^ 1847. 
" Amongst these records and events, I here insert the date of 
one which, as a source of honor and happiness, far exceeds all the 
rest. We were married on the 12th of June, 1821. 

" M. Fabaday." 

Then follows the copy of the minutes, dated 21st May, 1821, 
which gave him additional rooms, and thus enabled him to bring 
his wife to the Boyal Institution. A feature of Faraday's 
character which I have often noticed makes itself apparent in 
this entry. In his relations to his wife he added mtvalry to 
affection. 

Early Researches : Magnetic Rotations ; Liquefaction of Gases : Heavy 
Glass : Charles Anderson : Contributions to Physics. 

Oersted, in 1820, discovered the action of a voltaic current 
on a magnetic needle ; and immediately afterward the splen- 
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did intellect of Ampere succeeded in showing that every mag- 
netic phenomenon then known might be reduced to the mu- 
tual action of electric currents. The subject occupied all 
men's thoughts ; and in this country Dr. Wollaston sought to 
convert the deflection of the needle by the current into a per- 
manent rotation of the needle round the current He also 
hoped to produce the reciprocal effect of causing a current to 
rotate round a magnet. In the early part of 1821 Wollaston 
attempted to realize this idea in the presence of Sir Humphry 
Davy m the laboratory of the Boyal Institution. This was 
well calculated to attract FaradaVs attention to tlie subject 
He read much about it ; and in the months of July, August, 
and September he wrote " a history of the progress of electro- 
magnetism/' which he published in Thomson's 'Annals of 
Philosophy.' Soon afterward he took up the subject of 
^^ Magnetic Rotations/' and on the morning of Christmas day, 
1821, he called his wife to witness for the nrst time the revolu- 
tion of a magnetic needle round an electric current. Inciden- 
tal to the ^^ historic sketch" he repeated almost all the experi- 
ments there referred to; and these, added to his own subsequent 
work, made him practical master of all that was then known 
regarding the voltaic current. In 1821 he also touched upon a 
subject which subsequently received his clpser attention — ^the 
vaporization of mercury at common temperatures; and inmie- 
diately afterward conducted, in company with Mr. Stodart, 
experiments on the alloys of steel. He was accustomed in 
after years to present to his friends razors formed from one of 
the alloys then discovered. 

During Faraday's hours of liberty from other duties he took 
up subjects of inquiry for himself ; and in the spring of 1823, 
thus self-prompted, he began the examination of a substance 
which had long been regarded as the chemical element chlorine, 
in a solid form, but which Sir Humphry Davy, in 1810, had 
proved to be a hydrate of chlorine, that is, a compound of chlo- 
rine and water. Faraday first analyzed this hydrate, and 
wrote out an account of its composition. This account was 
looked over by Davy, who suggested the heating of the hydrate 
under pressure in a sealed glass tube. This was done. The 
hydrate fused at a blood-heat, the tube became filled with a 
yellow atmosphere and was found to contain two liquid sub- 
stances. Dr. Paris happened to enter the laboratory while 
Faraday was at work. Seeing the oily liquid in his tube he 
rallied the young chemist for his carelessness in employing 
soiled vessels. On filing off the end of the tube its contents 
exploded and the oily matter vanished. Early next morning 
Dr. Paris received the following note : — 
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*^Dear Sir — ^The ail you noticed yesterday turns out to be liquid 
chlorine. ^* Yours faithfully, 

«M. Fakadat."* 

The gas had been liquefied by its own pressure. Faraday then 
tried compression with a syringe, and succeeded thus in lique- 
fying the gas. 

To the published account of this experiment Davy added 
the following note : — ^^In desiring Mr. Faraday to expose the 
hydrate of cnlorine in a closed glass tube, it occurred to me 
khat one of three things would happen : tnat it would become 
Anid as a hydrate : that decomposition of water would occur ; 

. . . or that the chlorine would separate in a fluid state.'^ 
Davy, moreover, immediately applied the method of self-com- 
pressing atmospheres to the Uquetaction of muriatic gas. Far- 
iday continued the experiments and succeeded in reducing a 
lumber of gases till then deemed permanent to the liquid con- 
lition. In 1844 he returned to the subject, and considerably 
expanded its limits. These important investigations estab- 
lisned the fiict that ^es are but the vapors of liquids pos- 
sessing a very low boiling-point, and gave a sure basis to our 
news of molecular aggr^ation. The accoimt of the first 
investigation was read before the Boyal Society on the 10th of 
^ril, 1823, and was published, in Faraday's name, in the 
' Philosophical Transactions.' The second memoir was sent to 
tlie BoyiJ Society on the 19th of December, 1844. I may add 
I;hat while he was conducting his first experiments on the lique- 
faction of gases, thirteen pieces of glass were on one occasion 
iriven by an explosion into Faraday's eve. 

Some small notices and papers, including the observation 
that glass readily changes color in sunlight, foUow here. In 
1825 and 1826 Faraday published papers in the ^ Philosophical 
Transactions ' on '^ new compounds of carbon and hydrogen," 
ind on ^'sulphonaphthalic acid." In the former of these pa- 
pers he announced the discovery of benzol, which, in the hands 
>f modem chemists, has become the foundation of our splen- 
lid aniline dyes. But he swerved incessantly from chemistry 
into physics ; and in 1826 we find him engaged in investiga- 
dng the limits of vaporization, and showing, by exceedingly 
strong and apparenjbly conchisive arguments, that even in the 
3ase of mercury such a limit exists ; much more he conceived 
it to be certain that our atmosphere does not contain the va- 
por of the fixed constituents of the earth's crust. This ques- 
tion, I may say, is likely to remain an open one. Mr. Bankine, 
Ebr example, has lately drawn attention to the odor of certain 
netals ; whence comes this odor, if it be not from the vapor 
}f the metal ? 

• Parifl: *Llfe of Davy,* p. 391. 
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In 1825 Faraday became a member of a committee^ to which 
Sir John Herschel and Mr. DoUond also belonged, appointed 
by the Boyal Society to examine^ and if possible improve^ the 
mannfactnre of glass for optical purposes. Their experimentg 
continued till 1829, when the account of them constituted the 
subject of a " Bakerian Lecture." This lectureship, founded 
in 1774 by Henry Baker, Esq., of the Strand, London, pro- 
vides that every year a lecture shall be given before the Boyal 
Society, the sum of four pounds being paid to the lecturer. 
The Bakerian Lecture, however, has long since passed from the 
region of pay to that of honor, papers of mark only being 
chosen for it by the council of the Society. Faraday's first 
Bakerian Lecture, '^On the Manufacture of Glass for Optical 
Purposes,'' was delivered at the close of 1829. It is ' a meet 
elaborate and conscientious description of processei^, precau- 
tions, and results: the details were so exact and so minute, and 
the paper consequently so long, that three successive sittings of 
the Boyal Society were taken up by the delivery of the lecture.* 
This glass did not turn out to oe of important practical use, 
but it happened afterward to be the foundation oi two of Far- 
aday's greatest discoveries.t 

The experiments here referred to, were conmienced at the 
Falcon Glass Works, on the premises of Messrs. Green and 
Pellatt, but Faraday could not conveniently attend to them 
there. In 1827 therefore a furnace was erected in the yard of 
the Boyal Institution ; and it was at this time, and with a 
view of assisting him at the furnace, that Faraday engaged 
Serjeant Anderson, of the Boyal Artillery, the respectable, 
trumful, and altogether trustworthy man whose appearance 
here is so fresh in our memories. Anderson continued to be 
the reverential helper of Faraday and the faithful servant of 
this Institution for nearly forty years.:|: 

* Vu. November 19, December 3 and 10. 

f I make the following extract from a letter from Sir John Herschel, written to 
me from Oollinf^wood, on the 3rd of November, 1867 :— 

*' I will take this opportunity to mention that I believe myself to have origiDated 
the suggestion of the employment of borate of lead for opHccU purposes. It wsa 
somewhere iu the year 1822, as well as I can recollect, tliat I mentioned it to Sir 
James (then Mr.) South ; and, in consequence, the trial was made in his laboratoiy 
in Blackman street, by precipitating and working a large quantity of borate of lead, 
and fusing it under a muffle in a porcelain evaporating dish. A very limpid (though 
slightly yellow) glass resulted, the refractive index 1*866 ! (which you will find nt 
down in my table of reAractive indices in my article 'Light,* * Encydopasdia Metro- 
politana*). It was, however, too soft for optical use as an object glass. This Faia- 
day overcame at least to a considerable degree, by the introduction of silica.** 

\ Regarding Anderson, Faraday writes thus in 1845:-»**I cannot resist the oc- 
casion that is thus offered to me of mentioning the name of Mr. Anderson, wiio 
came to me as an assistant in the glass experiments, and has remained ever since in 
the laboratory of the Boyal Institution. He assisted me in all the researches into 
which I have entered since that time ; and to his care, steadiness, exactitude, and 
fiuthfulness in the performance of all that has been committed to hia charge, I am 
jnacb Iad0bt0d.^3L F."-^Bxp. RenairchM^ voL \U, p. 3, footnote. 
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In 1831 Faraday published a paper '^ On a peculiar class of 
Optical Deceptions/' to which I believe the beautiM optical 
toy called the Chromatrope owes its origin, tn the same year 
he published a paper on Vibrating Surfaces, in which he solved 
an acoustical problem which, though of extreme simplicity 
when 9olvedj appears to have bafiSed many eminent men. The 
problem was to account for the fact that light bodies, such as 
the seed of lycopodium, collected at the vibrating parts of 
sounding plates, while sand ran to the nodal lines. Faraday 
showed that the light bodies were entangled in the little whirl- 
winds formed in the air over the places of vibration, and 
through which the heavier sand was readily projected. Fara- 
day's resources as an experimentalist were so wonderful, and 
his delight in experiment was so ^eat, that he sometimes al- 
most ran into excess in this direction. I have heard him sav 
that this paper on vibrating surfaces was too heavily laden with 
experiments. 

Discovery of Magneto-electricity : Explanation of Arago^s Magnetism of 
Rotation : Terrestrial Magneto-electric Induction : The Extra Current, 

The work thus far referred to, though suflScient of itself to 
secure no mean scientific reputation, forms but the vestibule 
of Faraday's achievements. He had been engaged within these 
walls for eighteen years.* During part of the time he had 
drunk in knowledge from Davy, and during the remainder he 
continually exercised his capacity for independent inquiry. In 
1831 we have him at the climax of his intellectual strength, 
forty years of age, stored with knowledge and full of original 
power. Through reading, lecturing, and experimenting, he 
had become thoroughly familiar with electrical science : he saw 
where light was needed and expansion possible. The phenomena 
of ordinary electric induction belonged, as it were, to the alpha- 
bet of his knowledge ; he knew that under ordinary circum- 
stances the presence of an electrified body was sufficient to 
excite, by induction, an unelectrified body. He knew that the 
wire which carried an electric current was an electrified body, 
and still that all attempts had failed to make it excite in other 
wires a state similar to its own. 

What was the reason of this failure ? Faraday never could 
work from the experiments of others, however clearly described. 
He knew well that from every experiment issued a kind of ra- 
diation, luminous in different degrees to different minds, and 
he hardly trusted himself to reason upon an experiment that 
he had not seen. In the autumn of 1831 he began to repeat 

* He used to say that it required twenty jears of work to make a man in Phja- 
leal Scienoe ; the previous period being one of ifrfdncy. 
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the experimenta with electric carrents, which, np to that time, 
had produced no, positive result. And here, for the sake of 
younger inquirers, if not for the sake of us all, it is worth while 
to dwell for a moment on apower which Faraday possessed in 
an extraordinary degree. Me united vast strength with parfed 
flexibility. His momentum was that of a river which combines 
weight and directness with the ability to yield to the flexures 
of its bed. The intentness of his vision in any direction did not 
apparently diminish his power of perception in other directioDfl; 
and when he attacked a subject, expecting results, he had the 
faculty of keeping his mind alert, so that results difiisrent from 
those which he expected should not escape him through pre- 
occupation. 

He began his experiments ^^on the induction of electric cur- 
rents'' by composing a helix of two insulated wires, which 
were wound side by side round the same wooden cylinder. One 
of these wires he connected with a voltaic battery of ten cells, 
and the other with a sensitive galvanometer. When connec- 
tion with the battery was made, and while the current flowed, 
no effect whatever was observed at the galvanometer. But he 
never accepted an experimental result, until he had applied to 
it the utmost power at his conmiand. He raised his battery 
from 10 cells to 120 cells, but without avail The current 
flowed calmly through the battery wire without producing, 
during its flow, any sensible result upon the galvanometer. 

'^During its flow," and this was the time when an effect was 
expected — ^but here Faraday's power of lateral vision, separa- 
ting, as it were, from the line of expectation, came into pby— 
he noticed that a feeble movement of the needle always occur- 
red at the moment when he made contact with the battery ; 
that the needle would afterward return to its former position 
and remain quietly there, unaffected by the flotoing cnrrent 
At the moment, however, when the circuit was interupted the 
needle again moved, and in a direction opposed to that observed 
on the completion of the circuit. 

This result and others of a similar kind led him to the con- 
clusion ^^ that the battery current through the one wire did in 
reality induce a similar current through the other; but that it 
continued for an instant only, and partook more of the nature 
of the electric wave from a common Leyden jar than of the 
current from a voltaic battery." The momentary currents thus 
generated were called induced currents^ while the current which 
generated them was called the inducing current. It was im- 
mediately proved that the current generated at making the 
circuit was always opposed in direction to its generator, while 
that developed on the rupture of the circuit coincided in direo- 



Faraday as a Discoverer. 45 

tion with the inducing current. It appeared as if the current 
on its first rush through the primary wire sought a purchase 
in the secondary one, and, hy a kind of kick, impelled back- 
ward through the latter an electric wave, which subsided as 
soon as the primary current was fully established. 

Faraday for a time believed that the secondary wire, though 
quiescent when the primary current had been once established, 
was not in its natural condition, its return to that condition 
being declared by the current observed at breaking the circuit. 
He called this hypothetical state of the wire the ekctro-tonic 
state : he afterward abandoned this hypothesis, but seemed to 
return to it in later life. The term electro-tonic is also preser- 
ved by Professor Du Bois Reymond to express a certain electric 
condition of the nerves, and Professor Clerk Maxwell has ably 
defined and illustrated the hypothesis in the tenth volume of 
the ^Transactions of the Cambridge Philosophical Society.' 

The mere approach of a wire forming a closed curve to a 
second wire tlurough which a voltaic current flowed was then 
shown by Faraday to be sufficient to arouse in the neutral wire 
an induced current, opposed in direction to the inducing cur- 
rent ; the withdrawal of the wire also generated a current 
having the same direction as the inducing current ; those cur- 
rents existed only during the time of approach or withdrawal, 
and when neither the primary nor the secondary wire was in 
motion, no matter how close their proximity might be, no in- 
duced current was generated. 

Faraday has been called a purely inductive philosopher. A 
great deal of nonsense is, I fear, uttered in this land of Eng- 
land about induction and deduction. Some profess to befriend 
the one, some the other, while the real vocation of an investi- 

SitoTy like Faraday, consists in the incessant marriage of both, 
e was at this time full of the theory of Ampdre, and it can- 
not be doubted that numbers of his experiments were executed 
merely to test his deductions from that theory. Starting from 
the discovery of Oersted, the celebrated French philosopher 
had shown that all the phenomena of magnetism then known 
might be reduced to the mutual attractions and repulsions of 
electric currents. Magnetism had been produced from elec- 
tricity, and Faraday, who all his life long entertained a strong 
belief in such reciprocal actions, now attempted to effect the 
evolution of electricity from magnetism. Bound a welded iron 
ring he placed two distinct coils of covered wire, causing the 
coils to occupy opposite halves of the ring. Connecting the 
ends of one of the coils with a galvanometer, he found that the 
moment the ring was magnetized by sending a current through 
tJie other coU, the galvanometer needle whirled louiid iQ>\3ct ^x 
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five times in succession, the action, as before, was that of a 
pulse which vanished immediately. On interrupting the circuit, 
a whirl of the needle in the opposite direction occurred. It 
was only during the time of magnetization or demagnetization 
that these effects were produced. The induced currents declared 
a change of condition only, and they vanished the moment the 
act of magnetization or demagnetization was complete. 

The effects obtained with the welded ring were also obtained 
with straight bars of iron. Whether the bars were magnetized 
by the electric current, or were excited by the contact of per- 
manent steel magnets, induced cuiTents were always generated 
during the rise and during the subsidence of the magnetism. 
The use of iron was then abandoned, and the same euects ob- 
tained by merely thrusting a permanent steel magnet into a 
coil of wire. A rush of electricity through the coil accompa- 
nied the insertion of the magnet; an equal rush in the opposite 
direction accompanied its withdrawal. The precision with 
which Faraday describes these results, and the completeness 
with which he defines the boundaries of his facts, are wonderful 
The magnet, for example, must not be passed quite through 
the coil, but only half through, for if passed wholly throi^, 
the needle is stopped as by a blow, and then he shows bow this 
blow results from a reversal of the electric wave in the helix. 
He next operated with the powerful permanent magnet of the 
Boyal Society, and obtained, with it, in an exalted degree, all 
the foregoing phenomena. 

And now he turned the light of these discoveries upon the 
darkest physical phenomena of that day. Ara^ had discovered 
in 1824, that a disk of non-magnetic metal had the power of 
bringing a vibrating magnetic needle suspended over it rapidly 
to rest ; and that on causing the disk to rotate the magnetic 
needle rotated along with it. When both were quiescent, (here 
was not the slightest measurable attraction or repulsion exerted 
between the needle and the disk ; still when in motion the disk 
was competent to drag after it not only a light needle but a 
heavy magnet. The question had been probed and investigated 
with admirable skill by both Arago and Ampere, and Poisson 
had published a theoretic memoir on the subject ; but no cause 
could be assigned for so extraordinary an action. It had also 
been examined in this country by two celebrated men, Mr. Bab- 
bage and Sir John Herschel ; but it still remained a mystery. 
Faraday always recommended the suspension of judgment in 
cases of doubt. " I have always admired," he says, " the pru- 
dence and philosophical reserve shown by M. Arago in resisting 
the temptation to give a theory of the effect he had discovered, 
so long as he could not devise one which was perfect in its ap- 
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plication, and in refusing to assent to the imperfect theories of 
others." Now, however, the time for theory had come. Fara- 
day saw mentally the rotating disk under the operation of the 
magnet flooded with his induced currents ; and from the known 
laws of interaction between currents and magnets he hoped to 
deduce the motion observed by Arago. That hope h^ realized, 
showing by actual experiment that when his disk rotated cur- 
rents passed through it, their position and direction being such 
as must, in accordance with the established laws of electro- 
magnetic action produce the observed rotation. 

Introducing the edge of his disk between the poles of the 
large horseshoe magnet of the Boyal Society, and connecting 
the axis and the edge of the disk, each by a wire with a gal- 
vanometer, he obtained when the disk was turned round a 
constant flow of electricity. The direction of the current was 
determined by the direction of the motion, the current being 
reversed when the rotation was reversed. He now states the 
law which rules the production of currents in both disks and 
wires, and in so doing uses for the first time a phrase which 
has since become famous. When iron filings are scattered 
over a magnet^ the particles of iron arrange themselves in 
certain determinate lines called magnetic curves. In 1831, 
Faraday for the first time called these curves "lines of magnetic 
force;'' and he showed that to produce induced currents neither 
approach to nor withdrawal from a magnetic source, or center, 
or pole, was essential, but that it was only necessary to cut 
appropriately the lines of magnetic force. Faraday's first pa- 
per on magueto-electric induction, which I have here endeav- 
ored to condense, was read before the Eoyal Society on the 
24th of November, 1831. 

On the 12th of January, 1832, he communicated to the 
Boyal Society a second paper on Terrestrial Magneto-electric 
Induction, which was chosen as the Bakerian Lecture for the 
year. He placed a bar of iron in a coil of wire, and lifting the 
bar into the direction of the dipping needle, he excited by this 
action a current in the coil. On reversing the bar, a current 
in the opposite direction rushed through the wire. The same 
efiect was produced, when, on holding the helix in the line, of 
dip^ a bar of iron was thrust into it. Here, however, the earth 
acted on the coil through the intermediation of the bar of iron. 
He abandoned the bar and simply set a copper-plate spinning 
in a horizontal plane ; he knew that the earth's lines of mag- 
netic force then crossed the plate at an angle of about 70°. 
When the plate spun round, the lines of force were intersected 
and induced currents generated, which produced their proper 
effect when carried from the plate to the galvanoTcieX^t. ^'^ tiKVjL 
the plate was in the magnetic meridian, or in axrj o\\vet ^^\^^ 
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coinciding with the magnetic dip, then its rotation produoedno 
effect upon the galvanometer/' 

At the suggestion of a mind fruitful in suggestions of a pro- 
found and philosophic character — I mean that of Sir John 
Herschel — Mr. Barlow, of Woolwich, had experimented witha 
rotating if on shell. Mr. Christie had also performed an elabo- 
rate series of experiments on a rotating iron disk. Both of them 
had found that when in rotation the body exercised a pecnliar 
action upon the magnetic needle, deflecting it in a mann^ 
which was not observed during quiescence ; but neither of thoa 
was aware at the lime of the agent which produced this extra- 
ordii^^iry deflection. They ascribed it to some change in the 
magnetism of the iron shell and disk. 

But Faraday at once saw that his induced currents must 
come into play here, and he immediately obtained them from 
an iron disk. With a hollow brass ball, moreover, he produced 
the effects obtained by Mr. Barlow. Iron was in no way neces- 
sary : the only condition of success was that the rotating body 
should be of a character to admit of the formation of currents 
in its substance : it must, in other words, be a conductor of 
electricity. The higher the conducting power, the more copious 
were the currents. He nowpasses from his little brass globe 
to the globe of the earth. He plays like a magician with the 
earth's magnetism. He sees the invisible lines along which its 
magnetic action is exerted, and sweeping his wand across these 
lines he evokes this new power. Placing a simple loop of wire 
round a magnetic needle he bends its upper portion to the west: 
the north pole of the needle immediately swerves to the east : 
he bends his loop to the east, and the north pole moves to the 
west. Suspending a common bar magnet in a vertical position 
he causes it to spin round its own axis. Its pole being connec- 
ted with one end of a galvanometer wire, and its equator with 
the other end, electricity rushes round the galvanometer from 
the rotating magnet. He remarks upon the ^^ singular mcfe- 
pendence" of the magnetism and the body of the magnet which 
carries it. The steel behaves as if it were isolated from its own 
magnetism. 

And then his thoughts suddenly widen, and he asks himself 
whether the rotating earth does not generate induced currentB 
as it turns round its axis from west to east. In his experiment 
with the twirling magnet the galvanometer wire remained at 
rest ; one portion of the circuit was in motion relatively to 
another portion. But in the case of the twirling planet the 
galvanometer wire would necessarily be carried along with the 
earth ; there would be no relative motion. What must be the 
consequence ? Take the case of a telegraph wire with its two 
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rminal plates dipped into the earth, and suppose the wire to 
3 in the magnetic meridian. The ground underneath the 
ire is influenced like the wire itself by the earth's rotation ; 

a current from south to north be generated in the earth 
ader the wire, a similar current from south to north would be 
derated in the earth under the wire; these currents would run 
rainst the same terminal plate, and thus neutralize each other. 

This inference appears inevitable, but his profound vision 
3rceived its possible invalidity. He saw that it was at least 
>Bsible that the difference of conducting power between the 
irth and the wire might give one an advantage over the other, 
id that thus a residual or differential current might be ob- 
lined. He combined wires of different materials, and caused 
lem to act in opposition to each other*: but found the com- 
ination ineffectual. The more copious flow in the better con- 
actor was exactly counterbalanced by the resistance of the 
orst. Still though experiment was thus emphatic he would 
ear his mind of all discomfort by operating on the earth 
self. He went to the round lake near Kensington Palace, 
ad stretched 480 feet of copper wire, north and south, over 
le lake, causing plates soldered to the wire at its ends to dip 
ito the water. The copper wire was severed at the middle, 
ad the severed ends connected with a galvanometer. No 
Tect whatever was observed. But thougn quiescent water 
ave no effect, moving water might. He therefore worked at 
lOndon Bridge for three days during the ebb and flow of the 
de, but without any satisfactory result. Still he urges, "Theo- 
)tically it seems a necessary consequence, that where water 
I flowing there electric currents should be formed. If a line 
e imagined passing from Dover to Calais through the sea, and 
^turning through the land, beneath the water, to Dover, it 
races out a circuit of conducting matter one part of which, 
'hen the water moves up or down the channel, is cutting the 
lagnetic curves of the earth, whilst the other is relatively at 
38t. . . . There is every reason to believe that currents 
o run in the general direction of the circuit described, either 
ne way or the other, according as the passage of the waters is 
p or down the Channel." This was written before the sub- 
larine cable was thought of, and he once informed me that 
ctual observation upon that cable had been found to bo in 
ccordance with his theoretic deduction.** 

♦ I am indebted to a friend for the following exquisite morsel : — "A short time 
ler the publication of Faraday's first researches in mapneto-elcctricity, he attended 
10 meeting of the British Association at Oxford, in 1832. — On this occasion he was 
guested by some of the authorities to repeat the celebrated experiment of elicitinj^ 
epark from a majfnet, employing for this puriwse the Inrge mngnct in the Ash- 
olean Museum. To tliis he consented, and a large party assembled to witiic^.s vl.;^ 

Am. Jour. Scl— Second Series, Vol. XLVI, No. 130.— 3\rLx,\^^^. 
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Three years subsequent to the publication of these researches, 
that is to say on the 29th of January, 1835, Faraday read be- 
fore the Royal Society a paper " On the influence by induction 
of an electric current U]»on itself." A shock and spark of a 
peculiar character had been observed by a young man named 
William Jenkin, who must have been a youth of some scientific 
])romise, but who, as Faraday once informed me, was dissua- 
ded by his own father from having anything to do with science. 
The investigation of the fact noticed by Mr. Jenkin led Faraday 
to the discovery of tlie extra current , or the current induced in 
the primary toire itself at the moments of making and break- 
ing contact, the phenomena of which he described andillostra- 
ted in the beautiful and exhaustive paper referred to. 

Seven and thirty years have passed since the discovery of 
magneto-electricity ; but, if we except the extra current j until 
quite recently nothing of moment was added to the subject. 
Faraday entertained the opinion that the discoverer of a great 
law or principle had a right to the " spoils" — ^this was his term 
— arising from its illustration ; and guided by the principle he 
had discovered, his wonderful mind, aided by his wonderful ten 
fingers, overran in a single autumn this vast domain, and hardly 
left behind him the shred of a fact to be gathered by his suc- 
cessors. 

And hero the question may arise in some minds, What is 
the use of it all ? The answer is, that if man's intcUectoal 
nature thirsts for knowledge, then knowledge is useful because 
it satisfies this thirst. If you demand practical ends, yon 
must, I think, expand your definition of the term practical, 
and make it include all that elevates and enlightens the intel- 
lect, as well as all that ministers to the bodily health and com- 
fort of men. Still, if needed, an answer of another kind might 
be given to the question, " What is its use ?" As far as elec- 
tricity has been applied for medical purposes it has been almost 
exclusively Faraday's electricity. You have noticed those lines of 
wire which cross the streets of London. It is Faraday's currents 

expcrimcnta, wLicli, I need not say, were perfectly successful. Whilst he was 
repoutiii^ them a dignitary of the university entered the room, and nddrcasing him- 
self to Professor Daniell, who was standing near Faraday, inquired what wag going 
on. Tlio Professor explained to him as popularly as possible tliis striking result of 
Faraday's frroat discovery. The Dean listened with attention and looked earnestly 
at the l>rilliant spark, but a mouiont aClcr ho assumed a scrioua couutenaDce and 
shook his head ; ' I am norry for it,' said he as he walked away ; in tlie middle of 
the room he stopped for a moment and repeated, *I am sorry for it;' then walking 
toward the door, when the handle was in his hand he turned round and said, * Indeed 
I am sorry for it ; it is putting now arms into the hands of the incendiary.' Tbbi 
occurred a short time after the papers had been filled with the doinga of the haj- 
rick burners. An erroneous statement of what fell from the Dean's mouth was 
printed at the time in one of the Oxford papers. Ho is there wrongly stated to 
have said, ' It is putting now arms into the hands of the infidel.' " 
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that speed from place to place through these wires. Approach- 
ing the point of Dungeness the mariner sees an unusually 
brilliant light, and from the noble phares of La H(!jve the same 
light flashes across the sea. These are Faraday's sparks ex- 
alted by suitable machinery to sunlike splendor. At the present 
moment the Board of Trade and the Bretheren of the Trinity 
House, as well as the Commissioners of Northern Lights, are 
contemplating the introduction of the magneto-electric light 
at numerous points upon our coasts ; and future generations 
will be able to refer to those guiding stars in answer to the 
question. What has been the practical use of the labors of 
Faraday ? But I would again emphatically say that his work 
needs no such justification, and that if he had allowed his vis- 
ion to be disturbed by considerations regarding the practical 
use of his discoveries, those discoveries would never have been 
made by him. " I have rather," he writes in 1831, " been de- 
sirous of discovering new facts and new relations dependent on 
magneto-electric induction, than of exalting the force of those 
already obtained ; being assured that the latter would find their 
full development hereafter/' 

In 1817, when lecturing before a private society in London 
on the element chlorine, Faraday thus expresses himself with 
reference to this question of utility : — " Before leaving this 
subject, I will point out the history of this substance, as an 
answer to those who are in the habit of saying to every new 
fact, *What is its use ?' Dr. Franklin says to such, 'What is 
the use of an infant ?' The answer of the experimentalist is, 
* Endeavor to make it useful.' When Scheele discovered this 
substance it appeared to have no use; it was in its infancy and 
useless state, but having grown up to maturity, witness its 
powers, and see what endeavors to make it useful have done." 



Art. VII. — Chemical Apparattcs; by W. P. Dexter. 

Oas lamps for the ignition of crucibles, &c, — The ordinary 
Bunsen burner is known to act upon the surface of platinum 
vessels brought in contact with the inner line of the flame : 
the metal loses its polish, becoming superficially porous and 
spongy, and requires the use of the burnisher to bring it 
back to its original state. This alteration of the surface I 
have found to be attended with a change of weight, so that 
for some years I have used a lamp of difierent construction 
for the heating of platinum crucibles in analytical operations. 
Such a lamp may be made by removing the air tube of a 
conmion Bunsen lamp and putting in its place a ^o\v\^^W^ 
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longer one of glasB or iron of about 12 mUIimeters intenml 
diameter. The gas jet should have a single circular apertuie, 
and be in proper proportion to the diameter of the tube, whidk 
may be held in any of the ordinary clamp supports. The 
tube being raised sufficiently above the jet to allow free en- 
trance of air, and a full stream of gas let on, a " roaring'' 
flame is produced, of which the interior blue cone is pointM, 
sharply defined, and extends only about half an inch irorn tiie 
top of the tube. A polished platinum surface is not acted 
upon by this flame provided it be not brought into contact with 
the interior cone. In the Bunsen burner, as usually made, the 
supply of air depends upon the diameter of the tubia, the holes 
at its base being more tnan sufficient to supply the drausfat 
With the wider tube it is necessary to limit the admission of air 
by depressing the tube upon the lamp when the force of the 
pas is diminished. Otlierwise the proportion becomes such 
that an explosive mixture is formed ; for this reason it is more 
convenient to use an arrangement in which the access of air 
can be regulated by an exterior tube sliding obliquely downward 
over the air apertures. The gas jet should be on a level with 
the top of these apertures, which must be much larger than 
those of the ordinary Bunsen's burner. 

On account of the liability to explode and bum at the jet 
inside, the lamp is not well adapted for ordinary use ; but for 
ignition of crucibles, working of glass, &c., it has proved effi- 
cient and j)ractical. 

Oaa regulator, — ^Now that gas is universally used as a source 
of heat in laboratories, it is desirable to have a means of keep- 
ing the pressure constant, and independent of the changes 
which take place in the mains. By the Regulator of Kemp a 
uniform tcmperatiu'o can be kept up for any length of time ; 
but this apparatus is a little difficult to adjust, is not univer- 
sally applicable, and can be used in but one operation at a time. 
By regulating tlio pressure of the gas, on the other liand, a 
constant supply of heat is furnished, but the temperature is 
not so exactly maintained in consequence of the more or less 
rapid abstraction of heat by change of temperature of the 
locality, and from currents of air. It is, however, as constant 
as it can be kept by a spirit lamp, which we are at present 
often obliged, from the variations of pressure, to substitute for 
gas ; while the regulator may be connected with several burners, 
or even include the whole laboratory, if the gas pipes are of 
sufficient size. 

The arrangement which I have had in use for the last year 
consists of a common gasometer, made of zinc, and about 9 
inches in height and diameter. The floating bell is connected 
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by a jointed rod with a stopcock in the pipe by which the gas 
enters. When the bell rises from the pressure of the gas, it 
gradually closes this cock, and thus cuts off the further supply. 
The gas is then under a constant pressure depending upon the 
weight of the bell ; as gas is consumed the bell sinks and open- 
ing the cock allows more to flow in. The difference of weight 
of the bell from its greater or less immersion in the water is 
inappreciable ; a very slight diminution of pressure, hardly 
perceptible without a microscope, is observed when one of the 
outlets is suddenly thrown open to its fuU extent, and is due, 
probably, to the friction of the gas in the tubes, which should 
therefore be of considerable size. 

The apparatus should not be painted, as oil is acted upon by 
water which has been long in contact with gas. Asphaltum 
▼amish seems to answer better. 



Abt. Vlll. — On the Equivalent of Cerium; by the late Dr. 

Charles Wolf, of Cincinnati, Omo. 

At the suggestion of Professor Bunsen in Heidelberg, the 
f&ther of the late Dr. Charles Wolf of Cincinnati, Ohio, placed 
in my hands, papers and preparations relating to an investiga- 
tion, which his son had n^e, while in the laboratory of Prof. 
Bunsen, and requested me to collate the same and prepare 
them for publication. This task I cheerfully accepted, the 
more, that I deemed the death of this young and promising 
chemist a real loss to the cause of science. 

I here give a translation of Dr. Wolfs investigation on the 
equivalent of cerium, which Bunsen pronounces very valuable. 
I nave examined all the data with the greatest care and gone 
over a great many of his analyses and calculations. The paper 
was about complete, when it came into my hands, aU but a few 
of the last i)ages, which were in the shape of notes, but these 
were sufficiency copious to enable me to finish it, with the aid 
of some analyses, which I found among his papers. 

I could not find the description of the crystalline form of 
his salts, to which he refers, nor is there the least evidence that 
any measurements have ever been made. This investigation 
may be of value to chemists laboring in the same field, as it de- 
signates the probable existence of another foreign substance 
in the " cerite-oxyds," and we must deeply regret that its 
author was not spared long enough to conclude his researches 
on the nature of this oxyd, which so considerably increases 
the equivalent of cerium. 

Let us hope that the hints and suggestioiift ^Smo^wii oraXiXyj 
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Dr. Wolf may not be lost, but that they may induce some in- 
vestigator to advance or conclude this highly interesting sub- 
ject. F. A. Genth. 

Philadelphia, April 26th, 1868. 

Since the discovery of the peculiar oxyds contained in the 
cerito by Berzelius & Hisinger* and Mosanderf they have been 
the subject of numerous researches. Their occurrence together 
with their very similar chemical properties presented very great 
difficulties in their separation and mdeed the mixture of the 
three oxyds was for a long time looked upon as the oxyd of 
one metal only^ which was called ceritim. Notwithstanding the 
many investigations made on this subject, the methods for the 
separation and purification of the three cerite-oxyds are veiy 
imperfect. 

The oxyd of cerium, which in its properties differs mostfix)m 
the oxyd of didymium and from lanthana, and which is the 
most common, is more readily obtained in a state of perfect 
purity than either of the two others. 

The following investigation was made for the purpose of pre- 
paring salts of cerium of absohUe purity, so as to determine 
from them the equivalent of the metal. The material used 
was Swedish cerite. 

The method adopted for the preparation of the oxyds was 
substantially that recommended by Bunsen,J with some slight 
alterations, as will l>e seen from the following description. 

The finely pulverized mineral, mixed in a porcelain dish with 
oil of vitriol to the consistency of a stiff paste, was put into a 
hessian crucible and exposed to a dull red heat. The excess of 
sulphuric acid was driven off and the ash-grey mass finely pul- 
verized and gradually added to a large dish full of ice-water 
and ice. It was then agitated until the water had become sat- 
urated, when it was allowed to settle. The saturated solution 
was afterward poured off and the residue washed until the 
liquid became tasteless and gave no further precipitate with 
oxalic acid. 

After having been concentrated by evaporation this solution 
was precipitated by sulphydric acid and filtered. The excess 
of sulphydric acid was driven off by heat, the liquid was then 
oxydized by chlorine, after which the excess of the latter was 
also expelled by heat. It was then strongly acidulated by 
chlorhydric acid, heated up to boiling and precipitated by a boil- 
ing solution of oxalic acid, while being constantly stirred. 
The precipitate of crystalline oxalates, which settled easily, was 

♦ Borzclius A llisinger, Grohlen's Journ. dor Chemie, ii, 397. 
f Mosander, Journ. fur pract. Chemio, xxx, 1843 ; Pogg. Ann., dvi, 1843 ; Edin. 
& Dubl. Phil. Mag., Got. 1843. 
/ Hansen, Ajuuden dar Ghem. & Pharm., <rr,lSi^%. 
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decanted and washed with boilinff water. The mother-liqnor 
still contained a large portion of me rare oxyds, but these were 
vesrj much mixed with other bases. 

The dried oxalates were then placed into a porcelain dish 
and decomposed by heat over an open fire, care being taken to 
stir them constantly. Should this precaution be neglected they 
might cake together, in which case a portion of the salt would 
remain nndecomposed. Concentrated nitric acid was now 
poured upon the cinnamon-brown powder and the mixture 
was heated until the oxyds were dissolved. 

The deep red violet solution was freed as much as possible 
from the excess of nitric acid by evaporation, and while still 
warm it was poured in a boiling mixture of water and sulphuric 
acid, containmg 2 c. c. of sulpnuric acid per liter of water. 

The red violet color at once disappeared, and while a great 
evolution of gas took place, a dirty yellow precipitate of basic 
ceroso-ceric sulphate was formed. The mixture was allowed to 
boil up two or thrqe times ; it was then removed from the fire, 
when the precipitate settled rapidly. 

Should the quantity of sulpnuric acid and water have been 
insufficient, a portion of the nitric acid solution remains nn- 
decomposed and the supernatant liquid is yellow ; this is also 
the case when the sulphuric acid water is too concentrated, 
because then a portion of the precipitate is dissolved by the 
excess of the acid. If the right proportions have been used, 
the supernatant liquid will have an amethystine color from the 
presence of didymium ; in it neither boilinor nor the addition 
of water or a few drops of sulphuric acid will give a precipitate. 
A few preliminary experiments will determine the requisite 
quantities of water and sulphuric acid. 

The basic precipitate was washed by decantation, at first 
with boiling water containing per liter 1 c. c. of sulphuric acid, 
then with boiling distilled water. The precipitate settles easily. 
It is well to preserve the first wash- waters, since a portion of 
the precipitate dissolves in them even to the extent of one third. 
The last portion of the filtrate resulting from the washings 
with pure water need not be saved, as they contain traces only 
of the precipitate. 

This basic sulphate, although sometimes prepared by a dif- 
ferent process, has been used by most chemists as a starting 
point tor the preparation of pure salts of cerium, and the sul- 
phate obtained from it has served for the determination of its 
equivalent. 

The washed basic salt, obtained by the method above men- 
tioned, I divided into two equal parts; with the one I repeated 
the experiments made by previous observers, while the other 
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supplied me with the material for some new experiments, which 
I shall detail in due season. The first part was dissolved bjr 
the addition of a few drops of sulphuric acid and slightly 
heated, the yellowish-red solution reduced by sulphurous acid 
and evaporated to dryness. The dry salt, heated m a platinum 
crucible, was freed from its excess of sulphuric acid and water ; 
the cerous sulphate therefrom resulting was dissolved in cold 
water, filtered and very slowly evaporated over a water bath. 
The slower the evaporation the better will the crystals be. 

When but little of the mother-liquor remained, this was 
poured off, the salt washed twice with boiling water, and the 
purified salt dried over a water bath. 

Upon being tested with the spectroscope, the mother-liquor 
showed the wJiole absorption spectrum of didymium, with the 
same distinctness as a moderately concentrated solution of 
didymium would do. 

A solution of the purified ciystals gave such lines as in the 
didymium spectrum are usually marked by their intensity. A 
small portion of the mother-liquor precipitated by oxalic add 
gave on ignition of the oxalate an oxyd of a brown color, while 
the ceroso-ceric oxyd obtained by a similar process from the 
sulphate had already a brick-red color. For the purpose of 
further purification the whole mass of the sulphate was recrys- 
tallized five times in the manner above stated and the mother- 
liquor always separated from the crystals, then the salt was 
separated by fractional crystallization into five equal portions, 
as follows : 

The mass of the crystals into A, ; Aj ; A3 

A, " B, ; B. 

B. " C, ; C, 

Of these salts Bg, G, and Cg were analyzed. 

The following method was in general adopted : About 1*5 
grams of the salt, which had previously been dried over chlo- 
rid of calcium, was weighed in a tared platinum crucible; this 
was transferred into a larger platinum crucible, in the bottom 
of which was a thick platinum spire, upon which the smaller 
crucible rested, fully surrounded by air. The large crucible 
covered by a mica plate was then very carefully heated during 
three hours, high over a small gas flame, and weighed. These 
weighings were repeated, the crucible remaining at the same 
height over the flame, while the heat was gradually increased, 
until finally a point was reached, when, notwithstanding a con- 
siderable increase in the temperature, the weight of the cruci- 
ble remained invariable. From five to eight weighings gene- 
rally sufficed to give the amount of water. 
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The anhydrous salt was then dissolved in a large quantity 
of water, the solution heated and precipitated by a concen- 
trated boiling solution of oxalic acid. The filtrate should 
always be tested by ammonia and should not give a precipitate, 
if the proportions of oxalic acid are correct. 

The greatest precautions are necessary in the ignition of the 
oxalate, because the resulting ceroso-ceric oxyd is in such an 
exceedingly finely divided condition that the slightest shaking 
will occasion a loss, unless the crucible be covered by a well 
fitting lid. 

The resulting ceroso-ceric oxyd was alwavs analyzed and the 
amount of cerous oxyd corresponding witn it determined ac- 
cording to Bunsen's volumetric method by iodid of potassium 
and cUorhydric acid from the amount of liberated iodine. 

1.— 1-4542 grs. of B3 gave 0-19419 grs. water and 076305 grs. 

ceroso-ceric oxyd, corresponding with 0'72443 grs. cerous 

oxyd ; 070325 grs. of ceroso-ceric oxyd gave 0*66766 grs. 

of cerouB oxyd. 
2.— 1-4104 grs. of C , gave 0*1898 grs. water and 07377 grs. of 

ceroso-ceric oxyd, giving 0*70217 grs. of cerous oxyd. 
3.— 1-35027 grs. of G^ gave 0*1820 grs. water and 0*70665 grs. 

of ceroso-ceric oxyd, corresponding with 0*67261 grs. cerous 

oxyd; 0*6916 grs. ceroso-ceric oxyd gave 0*65829 grs. cerous 

oxyd. 

According to these results the anhydrous sulphate contains 
as follows : 

B9 Oi Os Mean. 

Cerous oxyd, 57*494 51-620 67-574 57-531 

Sulphuric acid, 42-506 42-474 42*420 42-400 

100-000 100-000 100-000 100-000 

B2 would give for the equivalent of cerium 4G'104 

C, '* " " 40-176 

Ca " " " 4G-2S1 

giving as the mean result =46*187. 

The anhydrous sulphate consists according to these numbers 
of one equivalent of base for one of acid. 

The composition of the crystals is as follows : 

Ba Ci Ca Mean. Calculated. 

Cerous oxyd, 49-816 49-785 40-813 49-805 49-028 

Sulphuric acid, 30*8.30 30-758 30-708 30-705 30*034 

Water, 13-354 13-457 13-479 13-430 13-738 

100-000 100-000 100-000 100-000 100-000 

These results agree with the calculated analysis, which corres- 
ponds to the formula : 3(CeO, S03)+5HO. 
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The equivalent 46*187 has been used for these calculations. 
The salt, which gave these results was ciystallized in small 
crystals, elongated in one direction, the crystallographic de- 
scription of which I shall subsequently give. 

Let us compare this equivalent with the results which were 
previously obtained by other observers. 

Beringer* made in Wcihler's laboratory four determinations 
of the equivalent of cerium. His salts were all prepared fit)m 
the residue, remaining after the extraction of the mixed cerite- 
oxyds by dilute nitric acid. They were all rose-colored. 

From the pale rose-colored ccrous sulphate he obtained the num- 
ber: 677-24 4G-179 

From the like colored corons ohlorirl, 670'97 46*158 

By the conversion of the sulphid into oxyd, 576*69 46*127 

From the ccrous formiito, 676-00 46*080 

Mean, 576*73 46*138 

Hermannf found the number 575'00=46'00 by an analysis 
of the cerous sulphate prepared from the basic sulphate. In 
this case likewise the mixed oxyds were first extracted by nitric 
acid. 

Marignac^ used for his determinations the cerous sulphatey 
which was prepared from the basic sulphate, purified by several 
re-crystallizations. The basic sulphate was prepared from the 
mixed oxyds, remaining after having been extracted by nitric 
acid. The residue was dissolved in sulphuric acid, and the 
basic salt precipitated by dilution with water. Marignac 
adopts the number 46'00 as the equivalent of ceriuntL 

Under the guidance of Bunsen,§ Jegel made several experi- 
ments. The mixed oxalates were ignited with magnesia albaj 
then dissolved in boiling nitric acid and the solution evaporated 
to crystallization. The solution of these crystals in water, 
when poured in boiling water, containing sulphuric acid, pro- 
duced the basic eerie sulphate, from which the neutral cerous 
salt was obtained, which gave : 

576-3 575-25 575-65 ^^^ f 57573 



{ 



46-104 46-020 46050 ^^") 46*058 

Bammelsbergll obtained by the analysis of the cerous oxalate 
the number 675-90=46 072. 

♦ Beringer, Annalen der Chemie & Pharm., xlii, 1842. 
4 Hormann, Journ. fur Pract. Chemie, ixx, 1843. 

X Marignac, Ann. do Cliimie ct Phys., Ill, zxzviii, 148 \- Ann. der Ghem. und 
Pnarm., Izviii, 1848. 
§ Biinscn, Annalen der Chem. & Pharm., cv, 1858. 
B Rammelsberg, Poggendorfs Ann., cviii, 1859. 



C. Wolf on the equivalent oj Cerium. 59 

To facilitate comparison I will tabulate the different results: 

0=100 H=l 

Beringer, 676-73 46*138 

Hermann, 676-00 46*000 

Marignac, 676-00 46-000 

Bunsen, 676*73 46-058 

Rammelsberg, 675-90 46*072 

Wolf, 677-33 46-187 

The new number differs from all the others and is even higher 
than that obtained by Beringer with far less purified material ; 
all his salts were rose-colored, owing to the presence of didy- 
mium, my salts, on the contrary, were perfectly colorless, each 
had been re-crystallized at least ten times (always rejecting the 
mother-liquor). 

Having used the very greatest care both in the preparation 
and in me analyses of the salt, it is dijfficult to account for 
this high result ; either the same analytical error has been 
committed in the three analyses, or there may be present 
another foreign substance besides didymium. The first sup- 
position is contradicted by analyses, which have been made by 
exactly the same methods and which will be given hereafter, 
while the second I shall discuss presently. 

A sample of salt, which had been re-crystallized twenty 
times, still distinctly showed the line D of the absorption spec- 
trum of didymium, and it being evident that by crystallization 
alone no absolutely pure cerous sulphate can be prepared, it 
was therefore necessary to search for another method for its 
preparation. To ascertain the purity of the resulting product 
the cerous oxalate was used, and from the color of the oxyd 
produced by its ignition the state of purity was readily ascer- 
tained. 

Mosander had already correctly stated that the brown color 
of the mixed oxyds was due to the presence of foreign substan- 
ces ; he obtained the ceroso-ceric oxyd of a reddish white color ; 
Hermann had it of an isabel color. By a slight alteration in 
the mode of preparation, Bunsen obtained it of a yellowish 
white color. On my part I have made numerous experiments 
in order to produce it as white as possible. 

For this purpose the previously mentioned second portion 
of the basic sulphate was used. Out of the numerous methods 
which I have tried, but two have given encouraging results. 

The first was as follows : A small portion of the precipitate 
was dissolved by heating it with a few drops of sulphuric acid 
and this solution precipitated by pouring it into a large quan- 
tity of boiling water. After its conversion into oxalate the 
new precipitate gave a paler ceroso-ceric oxyd -, a t^i^^tv^Asycs. ^^ 
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the same process still ^ve a better result, but the reduction in 
color was not very rapid and it would have required at least 
eight or ten precipitations to produce as pale an oxyd as that 
obtained by the K>llowing process; besides, another disadvan- 
tage, incident to these numerous washings, is the very large 
quantity of solution and the great loss of material, which are 
tne consequences. Far better results were obtained by the use 
of nitric instead of sulphuric acid. The crude precipitate was 
dissolved in a small quantity of nitric acid, and the deep red 
solution treated as above, by which a &r paler precipitate of 
basic salt was obtained. The resulting mother-liquor gave on 
evaporation the complete didymium spectrum and the color of 
the oxyds prepared from it was brown like that of the original 
mixed oxyds. 

To save repetitions, I will call the crude basic salt N and the 
precipitate resulting from it Na. Na was re-dissolved again in 
nitric acid and the solution treated as above ; it gave a new 
N;?, which was easily discernible from N and Na by its paler 
color and greater purity. It separated, fru: more reiEuLily fit>m 
the supernatant hquid than N and Na and was more easily 
washed out. 

The mother-liquor from N.*? examined with the spectroscope 
still indicated the presence of didymium^ and W itself yielded 
a yellowish white ceroso-ceric oxyd, in which traces of didymium 
were still perceptible. 

A portion of N:? was converted into sulphate and this was 
re-crystallized six times, the mother-liquor being always sepa- 
rated at each operation. The crystallizations were obtained by 
a very slow evaporation of the liquid, and I observed that the 
forms of the crystals had materially changed. As already sta- 
ted, the still impure sulphate always gave thin slender crystals, 
while now, after repeated evaporations and crystallizations, no 
other but small octahedral forms were produced. 

From this salt several new determinations of the equivalent 
were made. 

The pulverized salt was dried over sulphuric acid and tho 
analyses conducted as already described : 

ft. 1-4327 grs. gave 0*2733 grs. water and 0-69925 grs. of ceroso- 
ceric oxyd, corresponding with 0-66491 grs. cerous oxyd; 

fi^j. 1'5056 grs. gave 02775 grs. water and 0*7405 grs of ceroso- 
ceric oxyd, corresponding with 0*70413 grs. of cerous oxyd ; 
0*8816 grs. of the ceroso-ceric oxyd from ^ , and (?j gave 
0-8383 grs. cerous oxyd. 

/?3. 1-44045 grs. gave 0*2710 grs. water and 0*7052 grs. ceroso- 
ceric oxyd, corresponding with 0*67044 grs. cerous oxyd. 
0*5102 grs. of the ceroso-ceric oxyd gave 0-48505 grs. cerous 
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These resnlts give for the anhydrous sulphate : 

/?! Pt /?3 Mean. 

Ccrous oxyd, 57-349 67*335 57'329 57*338 

Sulphuric acid, 42*651 42*665 42*671 42*662 

100-000 100*000 100*000 100*000 
Equivalent, 45*784 45*754 45*741 45*760 

The hydrous sulphate has the composition: 

/?i Pa P3 Mean. 

Cerous oxyd, 46-400 46*767 46*544 46*573 

Sulphuric acid, 34-615 34*802 34*642 34*653 

Water, 19*076 18*431 18*814 18*774 

100*000 100*000 100*000 100*000 

From these analyses it becomes evident that the composition 
of this hydrous sulphate difiers from that previously described 
and that it can be expressed by the formula 2(CeO, 803)+ 
5H0, which would give : 

Cerous oxyd, 46*241 

Sulphuric acid, 84*406 

Water, 19*363 

The equivalents resulting from these analyses differ very much 
from those previously obtained, but it is hardly possible that 
the separation of didymium alone can be the cause of the re- 
duction from 46*187 to 45*760. Bunsen's and Eanunelsberg's 
equivalents 46*058 and 46*072 were certainly made with cerium 
salts /ree or almost free from didymium. The salt which 
gave 45*760 still contained a trace of this metal. 

From all these facts we are led to conclude that the reduction 
of the equivalent of cerium from 46* to 45*760 is not owing to 
the separation of didymium, but to that of another foreign 
substance. 

The mother-liquor and wash-waters from Nj? gave with am- 
monia a very minute precipitate. 

Encouraged by the results obtained by this method of sepa- 
ration, I have continued in the same manner. A portion of 
N|? was dissolved in nitric acid, and this solution re-precipita- 
ted by boiling water. The new precipitate Ny was almost white. 
In the mother-liquor the presence of didymium could hardly 
be detected by the line D, while in the precipitate itself not a 
trace was visible. 

The sulphate prepared from Ny again showed the habitus of 
the first sulphates and crystallized in slender crystals, which 
gave the same angles with no new modifications ; analysis 
proved that their composition also was nearly the same. I 
found that — 
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14684 grs. gave 0-1880 grs. of water and 07717 grs. of ceroao- 
ceric oxyd, which gave 0*7338 grs. of ceroso-oxyd. 

The sulphate contains therefore as follows : 

The anhydrous : The hydrous : 

CVrous oxyd, 57'310 49-973 

Sulphuric acid, 42*690 37-224 

AVator, 1 2-803 

100-000 100-000 

The equivalent calculated from this analysis is again lower, 
being equal to 45*699. 

Although the cerous sulphate from which the last determin- 
ations had been made was entirely Jree from didymium, still 
I thought that a repetition of the same mode of purification 
might lead to a still greater reduction of the equivalent, owing 
to the removal of the foreign substance above alluded to. 

A portion of TSy was therefore treated as usual, and pro- 
duced the basic salt N^. 

After washine it was perfectly white, though otherwise in 
appearance simUar to N, Na, N.'i? and Ny. 

The oxyds obtained, both from the oxalate, prepared from the 
mother-liquor, and that from the basic salt, were white. In 
neither could the least trace of didymium be detected. The 
sulphate prepared from N<3^ after repeated and very careful re- 
crystallizations, had the habitus of the first sulphates and 
gave on analysis the following results : 

1*3756 grs. gave 0*1832 grs. water and 0*7186 grs. of ceroso- 
eerie oxyd, yielding 0*68318 grs. of cerous oxyd. 
These results would give for : 

The crystallized salt. The anhydrous aalL 

Cerous oxyd, . . 49*664 57*294 

Sulphuric acid, 37*018 42*706 

Water, 13*318 

100*000 100*000 

The equivalent was again reduced by this operation, which now 
makes it equal to 45*664, which number must be considered as 
the equivalent of the purest cerium, which has as yet been 
prepared. 

Further investigations will be needed to ascertain, whether 
a continued repetition of the same operation can reduce the 
equivalent of cerium to a still lower number. 
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Abt. IX. — Laws of Botanical Nomenclature adopted by the 
International Botanical Congress Jield at Paris in August, 
1867; together vnth an Historical Introduction and Com- 
mentary. By Alphonse DeCandollb. Translated from 
the French. 

%* We repiint, from the English Translation, puLlished by L. 
Reeve «fc Co., (London, 1868, pp. 72, Svo) the 

Laws of Botanical Nomenclature adopted by the Congress. 
General considerations and leading principles, 

Abticle 1. Natural History can make no real progress with- 
out a regular system of nomenclature, acknowledged and used 
by a large majority of naturalists of all countries. 

Art. 2. The rules of nomenclature should neither be arbitrary, 
nor imposed by authority. They must be founded on consid- 
erations clear and forcible enough for every one to comprehend 
and be disposed to accept. 

Art. 3. The essential point in nomenclature is to avoid or to 
reject the use of forms, or names, that may create error or am- 
biguity, or throw confusion into science. 

Next in importance is the avoidance of any useless introduc- 
tion of new names. 

Other considerations, such as absolute grammatical correct- 
ness, regularity or euphony of names, a more or less prevailing 
custom, respect for persons, etc., notwithstanding their unde- 
niable importance, are relatively accessory. 

Art. 4. No custom contrary to rule can be maintained if it 
leads to confusion or error. When a custom oflers no serious 
inconvenience of this kind, it may be a motive for exceptions, 
which we must, however, abstain from extending or imitating. 
In the absence of rule, or where the consequences of rules are 
questionable, established custom becomes law. 

Art. 5. The principles and forms of nomenclature should be 
as similar as possible in botany and in zoology. 

Art. 6. Scientific names should be in Latin. When taken 
from another language, a Latin termination is given to them, 
except in cases sanctioned by custom. If translated into a 
modem language, it is desirable that they should preserve as 
great a resemblance as possible to the original Latin names. 

Art. 7. Nomenclature comprises two categories of names : — 1. 
Names, or rather terms, expressing the nature of the groups 
comprehended one within another. 2. Names particiuar to 
each of the groups of plants or animals that observation has 
made known to us. 
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On the manner of designating the nature and subordination of the 
(/roups i/iat constitute t/ie Vegetable Kingdom, 

Art. 8. Every individual plant belongs to a species (species), 
every species to a genus (genus), every genus to an order (onfo, 
Jamilia), every order to a cohort (cohors), every cohort to a 
class (classis), every class to a division {divisio\ 

Art. 9. In many species we distinguish likewise varieties and 
variations, and in some cultivated species^ modifications still 
more numerous ; in many genera sections^ in many orders 
tribes. 

Art. 10. Finally, if circumstances require us to distinguish 
a greater number of intermediate groups, it is easy, by putting 
the syllable sub before the name of tne group, to form sub- 
divisions of that group ; in this manner suborder (jsuh(yrdo) 
designates a group between an order and a tribe, subtribe (««£- 
tribus), a group between a tribe and a genus, etc. Thid ensem- 
ble of subordinate groups may thus be carried, for uncultivated 
or spontaneous plants only, to twenty degrees, in the following 
order : — 

Rcppiim Tcgetabilc 
Divisio. 
SuMilivislo. 
Classis. 
SubclasMs. 
Coliors. 
Subcoliors. 
Ordo. 
Subordo. 
Tribus. 
Subtribus. 
Geims. 
Pubjrenus. 
Sectio. 
Subscctio. 
Species. 
Sub8})eeiefl (vcl Proles, Angl. Race), 
Varictas. 
Subvarietas. 
Variatio. 
Subvarlatlo. 
Plauta. 

Art. 11. The definition of each of these names of groups 
may vary, in a certain degree, according to individual opinion 
and the state of science, but their relative rank, sanctioned by 
custom, must not be inverted. Any classification containing 
inversions, such as the division of genera into orders, or of 
species into genera, is inadmissible. 

Art. 12. The fertilization of one species by another gives 
rise to a hybrid (hybridus) ; that of a modification or subdi* 
vision of a species by another modification of the same species 
produces a half-breed (mistus, mule of florists). 

Art. 13. The arrangement of species in a genus or in a sub- 
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diyision is made by means of typographical signs, letters, or 
figures. Hybrids are classed after one of the species from which 
they originate, with the sign X prefixed to the generic name. 

The rank of subspecies under species is marked by letters or 
figures ; that of varieties by the series of Greek letters «, /?, r> 
etc. Groups below varieties and half-breeds (mule of florists) 
are indicated by letters, figures or typographical signs, according 
to the will of the author. 

Art. 14. Modifications of cultivated species should, where 
possible, be classed under the wild or spontaneous species from 
which Aev are derived. 

For this purpose the most striking are treated as subspecies, 
and when constant from seed, they are called races {proles). 

Modifications of a secondary order take the name of varieties, 
and if there be no doubt as to their almost constant heredity 
by seed, they are termed subraces (subprolea). 

Modifications of minor importance, more or less comparable 
to subvarieties, variations or subvariations of uncultivated spe- 
cies, are indicated according to their origin in the foUowmg 
manner : — 1. 8atu8 (seedling ; Gall, semis ; Germ. Samling\ 
for a form obtained from- seed. 2. Mistv^ (blending ;* Gall. 
m<$ti8 ; Q«rm. Blendling), for a form arising from cross-fertili- 
zation in a species. 3. Lusus (sport ; Germ. Spielart), for a 
form originating from a leaf-bud or from any other organ, and 
propagated by division. 

On iht manner of designating each group or association of plants. 

Section 1. General Principles. 

Art. 15. Each natural gro^ of plants can bear in science 
but one valid designation, namely, the most ancient, whether 
adopted or given by 'Linnaeus, or since Linnaeus, provided it be 
consistent with the essential rules of nomenclature. 

Art. 16. No one ought to change a name or a combination 
of names without serious motives, derived from a more profound 

* Since the meeting of the Congress, the author of this pamphlet has, together 
with the translator, turned his attention to the choice of a significant English term 
for the French fnitia. The word Ueriding does not perhaps indicate quite clearly 
enough the existence of a mixture, and does not allude to its nature. The term 
half-hreed, used by agriculturists, appears to answer much better to the sense 
miiis; breed precisely implying a racCj and haXf-hreed the mixture of two races. 
It may, however, likewise be suggested that the shortness of the French word 
meHs^ analogous to Uie Spanish mestizo^ and evidently derived from the Latin 
mw<»t, or mizUu^ will perhaps induce English botanists to adopt it, together with 
the word half-breed. The latter is undoubtedly more expredsive^ but metis has 
over it the advantage of being intelligible in several tongues. The term muU^ as 
applied to the mixture of varieties of races, is in constant use amongst English 
florists ; but is too obviously erroneous to be sanctioned by scientific writers. 
{TratuHaior.) 

A>c. Joan. Sol— Skodnd Sbbibs, Vol. XL VI, No. lS6.~JnLT, 1868. 
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(7.) To avoid adjective nouns. 

(8.) Not to give to a genus a name whose form is more prop- 
erly that of a section {Stmderoxtflofiy for example). • 

(9.) To avoid taking up names that have already been used, 
but have not been approved, and applying them to genera dif- 
ferent from the former, unless it he wished again to dedicate 
a genus to a botanist ; but, even in this case, it is desirable— 1, 
that the nullity of the first ^enus should be unquestionable ; 
2, that the order in which it is proposed to re-establish the 
name be quite distinct from the former one. 

(10.) To avoid making choice of names used in zoology. 

Art. 29. Botanists constructing names for subgenera or for 
sections will do well to attend to the recommendations of the 
foregoing article, as well as to these : — 

(1.) Give, where possible, to the principal division of a senus 
a name that, by some modification or addition, may caU the 
name of the genus to mind (for instance, eu at the beginning 
of the name, when it is of Greek origin ; ^astruniy -e22a, at the 
end of a name, when Latin, or any other modification consis- 
tent with the rules of grammar and the usages of the Latin 
language). 

(2.) Avoid calling a section by the name of the genus it be- 
longs to, with the final -aides or -opsis; give, on the contrary, 
the preference to this final for a section naving some resem- 
blance to another genus, by adding, in that case, --oides or -^psis 
to the name of that other genus, if it be of Greek derivation, 
60 as to form the name of the section. 

(3.) Avoid taking, as a sectional name^ one already in use as 
such, in another genus, or which is that of a genus. 

Art. 30. When it is required to express the name of a sec- 
tion, together with a generic name and that of a species, the 
name of the section is put between the two others in a pa- 
renthesis. 

§ 5. Names of SpecieSy of HyhridSy and of Sabdivinans of Species^ either tpon- 

taneoiis or cuUivaied, 

Art. 31. All species, even those that singly constitute a 
genus, are designated by the name of the genus to which they 
belong, followed by a name termed specific, more commonly of 
the adjective kind. 

Art. 32. The specific name ought, in general, to indicate 
something of the appearance, the characters, the oririn, the 
history, or the properties of the species. If derived from the 
name of a person, it usually calls to mind the name of him 
who discovered or described it, or who may have been otherwise 
concerned with it. 
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Art. 33. Names of persons used as specific names have a 
genitive or an adjective form (Otusii or Olimana). The first 
IS nsed when the species has been described or distinguished by 
the botanist whose name it takes ; in other cases the second 
form is preferred. Whatever be the form chosen, every specific 
name derived fi'om the name of a person should begin with a 
capital letter. 

Art. 34. A specific name mav be an old generic name, or a 
substantive proper name. It then takes a capital, and does not 
sgree with the generic name {Digitalis Septrum^ CoroniUa 
Emerus). 

Art 35. No two species of the same genus can bear the 
same specific name, but the same specific name may be given in 
several genera. 

Art. 36. In constructing specific names, botanists will do 
well to eive attention to the following recommendations : — 

(1.) Avoid very long names, as weU as those that are difficult 
to ^articulate. 

(2.) Avoid names that express a character common to all, 
or to almost all the species of a genus. 

(3.) Avoid names designating little known or very limited 
localities, unless the species be very local. 

(4) Avoid, in the same genus, names too similar in form,— 
above all, those that only diflfer in their last letters. , 

(5.) Beadily adopt unpublished names found in travellers' 
notes or in herbaria, imless they be more or less defective (see 
Art. 17). 

^6.) Avoid names that have been already used in the genus, 
or m some nearly allied genus, and have become synonyms. 

(7.) Name no species after any one who has neither discov- 
erer, nor described, nor figured, nor studied it in any way. 

(8.) Avoid specific names composed of two words. 

(9.) Avoid specific names having, etymologically, the same 
meaning as the generic name. 

Art. 37. Hybrids whose origin has been experimentally de- 
monstrated are designated by the generic name, to which is 
added a combination of the specific names of the two species 
from which they are derived, the name of the species that has 
supplied the pollen being placed first with the fiual i or o, and 
that of the species that has supplied the ovulum coming next, 
with a hypnen between {Amaryllis vittato^regincBy for the 
Amairllis proceeding from A. regince, fertilized by A. vittata. 

Hybrids of doubtful origin are named in the same manner 
as species. They are distinguished by the absence of a number, 
and by the sign x being prefixed to the generic name (X ScUix 
capreoltty Kern.). 
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Art. 38. Names of enhspecies and varieties are formed in the 
same way as specific names, and are added to them according 
to relative vfuue, beginning by those of the highest rank. 
Half-breeds (mvles of florists) of doubtful origin are named 
and ranked in the same manner. 

Subvarieties, variations, subvariations of uncultivated plants 
may receive names analogous to the foregoing, or merely num- 
bers or letters, for facilitating their arrangement. 

Art. 39. Half-breeds {mvhs of florists) of undoubted origin 
are designated by a combination of the two names of the sub- 
species, varieties, subvarieties, etc., that have given birth to 
them, the same rules being observed as in the case of hybrids. 

Art. 40. Seedlings, half-breed of uncertain origin^ and sports 
should receive from horticulturists fancy names m common 
language, as distinct as possible from the Latin names of 8j)e- 
cies or varieties. When they can be traced back to botamcal 
species, subspecies, or variety, this is indicated by a succession 
of names {Pelargonium zonatCy Mrs. Pollock). 

Section 3. On the I\tblication of Names^ and on the DtUe of 

ea^ch Name or CombvicUion of Names. 

Art. 41. The date of a name or of a combination of names 
is that of its actual and irrevocable publication. 

Art. 42. Publication consists in the sale or the distribution 
among the public of printed matter, plat.es, or autographs. It 
consists, likewise, in the sale or the distribution, among the 
leading public collections, of numbered specimens, accompa- 
nied by printed or autograph tickets, bearing the date of the 
sale or distribution. 

Art. 43. The communication of new names in a public meet- 
ing, and the placing of names in collections or in gardens open 
to the public, do not constitute publication. 

Art. 44. The date put to a work is presumed to be correct, 
till there is evidence to the contrary. 

Art. 45. A species is not looked upon as named unless it has 
a generic name as well as a specific one. 

Art. 46. A species announced in a work under generic and 
specific names, out without any information as to its characters, 
cannot be considered as being published. The same may be 
said of a genus announced without being characterized. 

Art. 47. Botanists will do well to conform to the following 
recommendations : — 

(1.) To give accurately the date of publication of their works 
or portions of works, and that of the sale or the distribution 
of named and numbered plants. 
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(2.) To publiflh no name without clearly indicating whether 
it is that ol an Order or of a tribe, of a genus or of a section, 
of a species or of a variety, — ^in short, without giving an opin- 
ion as to the nature of the group to which the name is given. 

(3.) To avoid publishing or mentioning, in their wo^ un- 
published names which they themselves do not accept, espe- 
cially if the authors of such names have not expressly author- 
ized them to do so. (See Art 36, 5.) 

Section 4. On the Precision to be given to Names by the Quota- 
tion of the Author who first published them. 

Art. 48. For the indication of the name or names of any 
group to be accurate and complete, it is necessary to quote the 
author who first published the name or combination of names 
in question. 

Axt 49. An alteration of the constituent characters, or of 
the circumscription of a group, does not warrant the quotation 
of another author than the one that first published me name 
or combination of names. When the alteration is considera- 
ble, the words : mutatis charact.^ or pro parte, or excL syn,, 
exd. sp.j exd. var.y or any other abridged indication, are added 
to the quotation of the original author, according to the nature 
of the changes that have been made, and of that group that is 
dealt with. 

Art. 50. Names published from a private document, such as 
an herbarium, a non-distributed collection, etc., are individual- 
ized by the addition of the name of the author who publishes 
them, notwithstanding the contrary indication that he may 
have given. In like manner names used in gardens are indi- 
viduaUzed by the mention of the author who first publishes 
them. 

The herbarium, the collection, or the garden, should be fully 
quoted in the text. (Lam. ex Comm^ers. ms. in Herb. Par.; 
LincU. ex horto Lodd.) 

Art. 51. When a group is moved, without alteration of name, 
to a higher or lower rank than that which it held before, the 
change is considered equivalent to the creation of an entirely 
new group, and the author who has effected the change is the 
one to be quoted. 

Art. 52. Authors' names put after those of plants are abbre- 
viated, unless they be very short. 

For this purpose, preliminary particles or letters that do not, 
strictly speaking, form part of the name, are suppressed, and the 
first letters are given without any omission whatsoever. If a 
name of one syllable is long enough to make it worth while to 
abridge it, the first consonants on^r are given {Br. for Brown) ; 
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if the name has two or more syllables, the first syllable and 
the first letter of the following one are taken ; or, the two first, 
if they are both consonants {Jims, for De Jussieu ; Bich. for 
Bichard). 

When it is found necessary to give more of a name, for the 
sake of avoiding confusion between names beginning with the 
same syllables, me same system is to be foUowecL For instance, 
two syllables are given, together with the one or two consonanto 
of the third ; or else one of the last characteristic consonants 
of the name is added {Bertol. for Bertoloni, so that it may be 
distinguished from Bertero ; or Michx. for Michaux, to prevent 
confusion with Micheli). Christian names or accessory desig- 
nations, serving to distinguish two botanists of the same name, 
are abridged in the same way (Adr. Juss. for Adrien de JaBsieu, 
Ocertn. fil, or Chertn. /. for GsBrtner son). 

When it is settled custom to abridge a name in another 
manner, it is best to conform to it (L. for LinnsBus, St.-^MS. 
for Saint-Hilaire). 

Section 5. On Names that are to be retained wJiere a Group is 
divided^ remodelled, transferred, or moved from one rank to 
another, or when two Groups of the same rank are united. 

Art. 53. An alteration of characters, or a revision earrying 
with it the exclusion of certain elements of a group or the ad- 
dition of firesh ones, does not warrant a change in the name or 
names of a group. 

Art. 54. When a genus is divided into two or more genera, 
its name must be retained, and given to one of the chief 
divisions. If the genus contains a section or some other divi- 
sion which, judging by its name or by its species, is the type 
or the origin of the group, the name is reserved for that part of 
it. If there is no such section or subdivision, but one of the 
parts detached contains, however, a great many more species 
than the others, it is to that part that the original name is to 
be applied. 

Art. 55. In case two or more groups of the same nature are 
united into one, the name of the oldest is preserved. If the 
names are of the same date, the author chooses. 

Art. 56. When a species is divided into two or more species, 
if one of the forms happens to have been distinguished earlier 
than the others, the name is retained for that form. 

Art. 57. When a section or a species is moved into another 
genus, when a variety or some other division of a species is 
given as such to another species, the name of the section, the 
specific name or that of the division of the species, is main- 
tained, unless there arise one of the obstacles mentioned in 
Articles 62 and 63. 
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Art. 58. When a tribe is made into an Order, when a snb- 
eenoB or a section becomes a genus, or a division of a species 
becomes a species, or vice verad^ the old names are maintained, 
provided the result be not the existence of two genera of the 
same name in the Vegetable Kingdom, two divisions of a genus, 
or two species of the same name in the same genus, or two di- 
visions of the same name in the same species. 

Section 6. On Names tha4 are to be rejected^ changed, or altered. 

Art. 59. Nobody is authorized to change a name because it 
is badly chosen or disagreeable, or another is preferable or bet- 
ter known, or for any other motive, either contestable or of 
little import. 

Art. 60. Every one is bound to reject a name in the following 
cases:— 

(1.) When the name is applied, in the Vegetable Kingdom, 
o a group that has before received a name in due form. 

(2.) When it is already in use for a class or for a genus, or 
is applied to a division or to a species of the same genus, or to 
a subdivision of the same species. 

(3.) When it expresses a character of an attribute that is 
positively wanting m the whole of the group in question, or at 
least in the greater part of the elements it is composed of. 

(4.) When it is formed by the combination of two languages. 

(5.) When it is in opposition to the rules laid down m Sec- 
tion 5. 

Art. 61. The name of a cohort, subcohort. Order, suborder, 
tribe, or subtribe, must be changed if taken from a genus found 
not to belong to the group in question. 

Art. 62. When a subgenus, a section, or a subsection passes 
as such into another genus, the name must be changed if there 
is already, in that genus, a group of the same rank, under the 
same name. 

When a species is moved from one genus into another, its 
specific name must be changed if it is already borne by one of 
tne species of that genus. So likewise when a subspecies, a 
variety, or some other subdivision of a species is placed under 
Etnother species, its name must be changed if borne already by 
a form of like rank of that species. 

Art. 63. When a group is transferred to another, keeping 
fchere the same rank, its name will have to be changed if it 
eads to misconception. 

Art. 64. In the cases foreseen in Articles 60. 61, 62, 63, the 
oame to be rejected or changed is replaced by tne oldest admis- 
nble one existing for the group in question ; in the absence of 
this, a new one is to be imtde. 
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Art. 65. The name of a class, of a tribe, or of any other 
group above the genus, may have its termination altered so as 
to suit rule or custom. 

Art 66. When a name derived fit>m Latin or Greek has 
been badly written or badly constructed, when a name deriivod 
from that of a person has not been written consistently with 
the true spelling of that name, or when a &ult of gender has 
carried with it incorrect terminations of the names of species 
or of their modifications, every botanist is authorized to no- 
tify the faulty names or terminations, unless it be a question 
of a very ancient name current under its incorrect form. This 
right must be used reservedly, especially if the change is to 
b^r upon the first syllable, and, above all, upon the firat letter 
of the name. 

When a name is drawn from a modem language, it is to he 
maintained just as it was made, even in the case of the spelling 
having been misunderstood by the author, and justly deserving 
to be criticized. 

Section 7. On Names of Plants in Modem JLanguag€$. 

Art 67. Latin scientific names, or those that are immediately 
derived from them, are used by botanists preferably to namss 
of another kind, or having another origin, unless these are very 
intelligible and in common use. 

Art. 68. Every friend of science ought to be opposed to the 
introduction into a modern language of names of plants that 
are not already there, unless they are derived from a Latin 
botanical name that has undergone but a slight alteration. 



Editorial Bemarka and Suggestions. 

We have reprinted this code in full, so that American nat- 
uralists generally may be informed by it, and contribute their 
part, if so disposed, to the discussion which probably is hardly 
yet closed. We commend to their attention the entire publica- 
tion, issued by L. Eeeve & Co. (at 2«. 6d. sterling), witn its in- 
teresting Preliminary Notice, Historical Introduction, and the 
elaborate Commentary which of itself occupies more than half 
of the pamphlet The considerable space which the code alone 
occupies in our restricted pages prevents any extended commen- 
tary^of our own. It seems to be generally understood that the 
reference of this subject to the recent Botanical Congress at 
Paris was in some sort the result of a criticism made in this Jour- 
nal (for January, 1867) upon the course followed in a matter of 
nomenclature by a valued contributor to the latest issued vol- 
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ame of BeOandolIe's Prodromns. The innovation had to be 
the more pointedly condemned becanse the work of a most ex- 
cellent botanist, incorporated into the standard publication of 
the time, and also the culmination of a tendency for a long 
while manifest in various quarters ; but which, although com- 
monly inspired by justifiable motives, and even claiming the 
highest accuracy, needed only to be consistently carried out in 

Practice to show its harmftdness and ensure its reprobation, 
'he objectionable plan is explicitlv condemned in the present 
code (Art. 48, 49, 53), both in the ori^nal draught by De- 
CandoUe for presentation to the Parisian Congress, and as 
adopted by that body. 

The whole code as here printed, after careful discussion and 
revision in committee, and in several sittings of the Congress, 
was submitted to a final vote, in which the ^^following decision 
was carried all but unanimously, and with manifest satisfac- 
tion, by about a hundred botanists of all countries," viz : ^'That 
these Laws, as adopted by this assembl v, shall be recommended 
as the best raide mr nomenclature in the Vegetable Kingdom.'' 

The few dissenting voices were probably given mainly against 
Art. 48, &c., and in reference to the lon^ debated point as to 
the name which should be cited as authority for a species trans- 
ferred fi-om its original genus to some other. Whether, for 
example, if we adopt Pursh's genus Ghimaphila we shall write 
" C. maculata Pursh," or " G. mactdata L/\ with or without 
an added ** sp.", or " evb Pyrola/' or whatever else may be de- 
vised for incorporating synonymy or history with the binomial 
appellation and the authority for it. The code enjoins the or- 
thodox practice, and the commentary, after an extended presen- 
tation of the arguments on both sides, ably vindicates the rule, 
as did Agassiz long ago, in his Nomenclator Zoologicue. We 
maintained the same view in this Journal many years ago, and 
also recently (March, 1864), and have nothing to add, except 
to express the hope that the British Association, which allowed 
its Committee in 1842 to propose the innovation complained of, 
will at its ensuing meeting reconsider its recommendation. 
Some of the arguments on the other side are worthy of serious 
consideration ; still we are convinced, as are most botanists of 
long experience, that the evils of the proposed innovation, in 
any of the forms suggested, far outweigh its possible advan- 
tages. 

LFpon Art. 15, the commentary properly explains that its 
terms must not be held as an impediment to quoting Toume- 
fort [as LinnsBus himself was accustomed to do] or any other 
for a generic name made before Linnaeus and adopted by him. 
To decline to recognize generic, any more than specific taxol<^ 
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before LinnaBas, or even those of his contemporaries whom Lin- 
naeus himself cites, may no doubt save some trouble and re- 
search ; but if the authority of LinnsBUS be justly deferred to, 
so may his example. 

As to Art. 21, 22, to insist that ordinal names made from 
generic shall uniformly terminate in -a^iecBy or at least in -tnea 
when euphony suggests that form, may be somewhat arbitrary; 
but we approve the rule as laid down, and wish it were followed 
whenever no good reason appears to the contrary. 

The concluding recommendation under Art. 25, is probaUy 
worthy of attention : but Art. 60 declares, by implication, that 
no generic name in botany is to be discarded because of prior 
use in zoology. Names in both kingdoms are far too numerous, 
and the obstacles to free acquaintance with them far too great^ 
to require botanists to look after zoological names, or vice versai 
It is quite as much as zoolo^ts can do to avoid the use of the 
same name in two or more dasses of the Animal Kingdom. 

It was doubtless an oversight, as the commentary suggests, 
through which, in Art. 33, specific personal names are required 
to have a genitive form in one case and an adjective form in 
the other : a recommendation merely must have been intended. 
It is by no mistake, however, that all such names, as well as 
substaiitive proper names of species, are required to be written 
with a capital letter. Some American zoologists, preferring 
uniformity to sense or taste, write all specific names whatever 
with a small initial : but the example has hardly ever been 
followed in botany. The code omits all mention of geographical 
specific names, being adjectives, such as CanadenaiSj Penneylr 
vanica, and the like, about which the custom differs in di£ferent 
languages, the English langua^ requiring a capital initial 
They have this also in DeCandoile's rrodromus, except in the 
latest volumes ; but there is at present a tendency to drop the 
ca pit al letter. This is a matter of usage. 

We are not prepared to accede to Art. 50, even as explained 
and qualified in the commentary, without which it would 
scarcely be fully understood. For instance, there may be no 
necessity for tdidns up one of Commerson's names affixed hj 
him to his plants in herbaria ; but if taken up. simple verify 
would seem to require this botanist's name to oe cited. We 
should feel bound to write " Flacourtia Commerson" although 
published by L'Heritier or Jussieu, who probably supplied the 
character. The rule as proposed would apply to names com- 
municated with manuscript characters by one botanist to an- 
other, as well as to named specimens. Now, no botanist is 
bound to do the work of publication for another ; but if he 
chooses to do so, the maxim qui facU per aliaa, etc., must 
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fairly apply, and succeeding writers should not be required to 
take the godfather for the father. If we rightly understand 
the editor, he proposes that we should write EvlophvSy Lepto- 
cavliSj and Trepocarpxis, DC, although the elder DeCandolle, 
accepting these names with the specimens from Nuttall, soru- 
pulously attributes them to ^^Nutt. in litt." To us all such 
names, which the elder DeCandolle has, at his own discretion, 
published for Nuttall, are of ^^Nutt. in DC. Prodr." &c. 

The Linnsdan canon that hybrid names, part Greek part 
Latin, are inadmissible, having properly been kept up (Art. 
60, 5,) M. DeCandolle, in the commentary, calls attention to 
its habitual violation by botanists in the case of personal names, 
supposed to be Latinized, and which at least are not Greek, to 
which the Greek -oides, -ideSy or -opsiSy is added. In his orig- 
inal draft he inclined to reject all such names, hardly consider- 
ing what numerous changes would be involved ; in the present 
commentary he concedes that, as they are not really Latin with 
Gh'eek endings, they must be permitted to stand, though faulty. 
It would surely never do to change lobdioideSy rapunctdoideSj 
campanuloides (Italian and Greek), ranunculoides (good Latin 
and Greek), scirpoides and the like, so freely used by all bot- 
anists, from Linnceus to the present day : even A. DeCandolle 
himself, who hopes he has none of the sort to reproach himself 
with, gave to a section of WahUnhergia the name of Lobeli- 
aides. As to specific names formed of -oides added to personal 
generic names of modem and unclassical origin, they could not 
now* be dispensed with; so we must needs insist, with such 
reason as we may, that the main word is not really Latinized 
but Grecified; while in case of real Latin words the Latin 
form of adjunct is not only the proper one but often the more 
euphonious, — e. g. ranunctdinay acirpinaj &c. 

This digest, as a whole, is to be highly commended, and it 
cannot fail to be usefrQ. Its greatest value is this, that it does 
not make, but only declare, the common law of botanists. Our 
Phcenogamous botanists in this country did not need it in the 
way of correction. Some of the Cryptogamists do, and many 
zoologists. 

The English translation is by Dr. Weddell, who states that 
he has adhered as literally as possible to the ori^al text. In 
some parts of it the neat French might possibly have been 
rendered in more terse and idiomatic English with no sacrifice 
of clearness or accuracy. a. g. 
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Art. X. — On the 8ulphate$ oj Oxyd of AnHmcny; by 

W. P. Dbxtkb. 

The various degrees of saturation of acida with the banc 
oxyds have been considered, either in general as difiereat 
claisses of saUsj or have been studied in detail, as combinatioiii 
of the individual bases. The recent Memoir of Hr. Schulti, 
of Berlin,^ has added largely to the number of ooniponndfl 
known as acid salts. In a work now nearly finished, I hope to 
show that, of the alum-forming bases, the sulphates of alumina 
and sesquioxyd of chrome, are capable of combining with an 

XLvalent of hydrated sulphuric acid ; that tiiese acid-sulr 
tes stand in close connection with the so-called douUe 
salts of the neutral sulphates of these bases ; and that they 
may be regarded as compound acids, of which the double 
sulphates are the derivative salts. With the view of eztoid- 
ing this inquiry to the salts of an oxyd of similar composi- 
tion, but of a different class, the following examination of 
the combinations of sulphuric add with oxvd of antimony 
was undertaken. No compound was here found aDalogoni 
to the acid-fiulphates of the alum bases ; as no salt of oxyd 
of antimony is known which has the composition of the il- 
imis. These compounds have been previously investigated 
by Brandos, and more recently, and with somewhat d^ient 
result, by M. Pdligot. My own conclusions agree, as will be 
seen, wim those of the Q^rman chemist ; but are given with 
hesitation, from experience of the difficulties with which the 
preparation of these bodies is attended. 

For the purpose of demonstrating their existence, and exam- 
ining their form under the microscope, the salts are easily made 
by boiling oxvd of antimony or Algaroth powder with dilate 
sulphuric acid, until the water of the acid is expelled. The U- 
sulphate remains as a white sandy powder, while the concen- 
trated acid deposits on cooling acicular crystals of the ter-snl- 
phate or neutral salt. By the action of hot water, these are 
converted into minute crystals of the di-sulphate. If the con- 
centration of the acid have not been carriea so far, intermixed 
with, or in place of, the bisulphate will be found crystcQa of an 
intermediate salt, of different form : and the liquid, if allowed 
to attract moisture from the air, deposits still other crystalline 
compounds, one of which contains equal equivalents of acid 
and oase. 

These are the salts which I have succeeded in obtaining in a 
sufficiently pure state for analysis. They are all crystiJline, 

* Fogg. Ann., czxxiii, 137. 



W. p. Dexter an the Stdphatea of Antimony. 79 

dissolve readily in hydrochloric acid, and, with the exception 
of the disulphate. are decomposed by the action of water. To 
free them from tne adhering acid liquid, they were left for a 
considerable time upon a porous earthen plate, protected from 
moisture by a glass containing a vessel of concentrated sulphuric 
acid. For the plates nothiDg was here to be found better than 
the red earthen saucers upon which flower-pots are placed. I 
had also flat discs made of the same ware, between which the 
salts, when partially dried, were forcibly pressed by means of 
a steel screw. The plates, before use, were heated, first in an 
oven, and then over a large gas flame, or an anthracite fire, and 
left to cool in a close vessel, over sulphuric acid. 

For analysis the salts were dissolved in hydrochloric acid, 
tartaric added so that the solution could be largely dilutea 
witiiout precipitation, and the antimony thrown down by sul- 
phydric acid : the smphuric acid was then determined in the 
filtrate as sulphate of baryta. If, on the contrary, the sul- 
phuric acid be precipitated before the separation of the anti- 
mony, a sulphate oi baryta is obtained, wnich after ignition is 
oolored, ana retains traces of the metal, that cannot be wholly 
removed by digestion with dilute hydrochloric acid. All the 
tartaric acid of commerce, which I have examined, contains 
sulphuric acid ; digestion of the solution in alcohol with a lit- 
tle carbonate of baryta removes the acid, but the tartrate of 
baryta is not quite insoluble in the alcoholic liquid. With 
carbonate of lime, no better result was obtained. Through 
the kindness of Mr. Melvin, druggist of this city, I received a 
supply of tartaric acid, in large ciystals, which were quite 
free m>m sulphuric acid and all metallic impurity. 

The precipitated sulphid of antimony was collected on a 
weighed filter, and dried at the temperature of boiling water ; 
from its weight the quantity of the metal or oxyd was calcu- 
lated. As tne antimony was in the state of oxyd, and no ni- 
tric acid, oxyd of iron, or other substance capable of decom- 
posing tne sulphydric acid, was present, an excess of sulphur 
in the precipitate was not to be feared. It has been asserted 
that the tersulphid of antimony retains at lOO"^ C. a quantity 
of water, not amounting to one p. c, and requiring for its ex- 
pulsion a temperature above 200^, by which the sulphid is 
converted into the black, crystalline modification. To deter- 
mine the precise amount of the error from this source, as well 
as from the possible presence of uncombined sulphur, the sul- 
phid, after remaining many hours in the water bath, and untU 
its weight varied, at most, one or two tenths of a milligram, 
was heated in a covered crucible, in an air bath, to 212° — ^220°, 
for half or three quarters of an hour at a time, with the follow- 
ing result : 
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0-8192 SbS, lost 21 0-4 0-5 

0-5445 u u I. 0-3 miUignmi, 

no constant weight being obtained. 

The Bulphid was then exposed to the same temp^iitiire, in 
a bulb blown upon a narrow glass tube, while the air was dis- 
placed by a slow stream of carbonic acid. 

0-8536 lost 0-2 

0-5199 " 0-5 

0-6488 " 0-4 

0-3920 '' 0-25 milligmms, 

these being all products of different analyses; the sulphid 
was completely converted into the black modification, and the 
weight on repeated trial remained unchanged. Tne enor, 
whatever may be its source, of at most the tenth of one p. &, 
becomes insignificant when compared with the tenfold greater 
errors inevitable in the preparation of the salts. 

Tersulphatej or Neutral Salt. — Oxyd of antimony and AI7 
garoth powder are dissolved in considerable quantity by hot 
concentrated sulphuric acid, the latter with disengagement of 
hydrochloric acia, the solvent power of the acid seenung to in- 
crease with its temperature. On cooling, a salt is deposited in 
slender needles, in such quantity, when the acid is saturated at 
its boiling point, that the whole becomes a thick semi-fluid 
magma. The crystals are long, four-sided prisms, with termi- 
nal faces, set often upon two opposite sides, alike at both ends 
of the prism. They seem to belong to the oblique rhombic 
system. The concentrated acid, in which they have formed, 
retains so little of the oxyd in solution, at the ordinary tem- 
perature, that it remains clear when diluted with water; but 
by sulphydric acid a slight precipitate is produced. In the 
acid, diluted with about naif its volume of water, the oxyd in 
the cold is much more soluble. 

In the preparation of the salt, the oxychlorid was used 
in preference to the oxyd, as the latter is not easily obtained, 
free from alkali ; and the acid was heated until all water 
was expelled, and vapor of hydrated acid abundantly given 
off. The semi-fiuid mass of crystals was brought upon a 
funnel, the neck of which was imperfectly closed by a glass rod, 
and they were then further freed from the acid upon the porous 
plates, as has been described. These operations were p^rormed 
as rapidly as possible, in frosty winter weather, and in a room 
which was not heated, and was entered for no ot^er purpose. 
When dry, the salt formed a mass of fibrous texture, very much 
resembling asbestos. 

My analysis shows this to be the tersulphate, or neutral salt: 
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1. 0-5933 of the salt gave 0*3648 Sb 8,: 

2. 0-6792 of the same preparation gave 0*4173 SbS,, and 

0-918 fiftS. 

3. 0-6413 of another preparation gave 0*3999 SbS,, and 0*0859 

Calculated. 1. 2. 3. 

8bO, 54-94 52-82 5278 53*58 

380, 4506 46-41 4600 

100-00 99-19 99*58 

The difference in the nnmbers fonnd in the analyses, from 
those given by calculation, is to be ascribed to impurity 
of the preparations, rather than to analytical errors. It is 
obviously difficult, by pressure between rigid plates, to re- 
move completely all adherent liquid, and an excess of acid was 
therefore generally found in the salts thus prepared. That tliis 
was in the present case the cause of the discrepancy, will ap- 
pear when it is considered that the acid which adhered to tne 
salt was hydrated acid, and that its water would be represented 
in the analysis by a loss. The loss, then, should correspond 
in amount to the excess of acid obtained ; or, reckoned in 
equivalents as water, should be equal to the equivalents of the 
acid in excess. 

The composition of the salt from the above analyses, taken 
in equivalents, is 

2. 3. 

SbO, 1- 1- 

80 3 3-22 3*14 

HO Gobs) 0*25 0*13 

The earlier analyses gave 

Brandos. P^ligot.^ 

SbO, 56*4 50*2 44*3 

SO, 43*2 51*9 531 



99-6 102*1 97-4 

Mr. PiSi^t considers the salt to contain four atoms of acid, 
a composition which requires 47*77 SbO, to 52*23 SO3, if tiie 
equivalent of antimony be taken, as has been here done, at 
122-34.t The question is one of considerable importance ; for 
from the composition which he has assigned to this sulphate, 
and to tiie otner antimonial compounds described in his Me- 

^The requiBite data for calculation are given only for the first of the analyses of 
IC P^ligot If there be not a misprint, £ere is an error in this cfdculation, as oc- 
curs alM in three out of the four analyses of the sulphates of antimony, of which 
the details are given. If flrom 1*66 of the salt, 2*22 J^aS were obtained, as stated 
in the memoir, there were 45*9 p. c. of acid, instead of 51*9. 

t Pogg. Ann, c, 663 ; Proceedings of the Am. Acad., Jan. 1862. 

Am. Joub. Scl— Sbookd Sxribs, Vol. XLYI, No. 136.— Jult, 1S6S. 
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moir, Mr. Feligot infers that the salts of antimony^ like those 
of uranium, depart from the recognized law, according to whidi 
oxyda containing three equivalents of oxygen reqnire the same 
number of atoms of acid to form a neutral salt. The existence 
of such a sulphate of oxyd of antimony is denied by him. 
^' En effet il ne m'a pas et^ possible de rencontrer un seul sel 
contenant '3 equivalents d'acide combing avec 1 Equivalent 
d'oxyde d'antimoine ; de sorte que pour les sels d'antimoine, de 
memo que pour les sels jaunes d'urane, toutes les formoles cal- 
culees dans les tables a'(5quivalents de M. Berzeliiu represent 
des sels qui n'existent pas/'* 

But the neutral salt may be prepared in another way, with 
a composition agreeing so nearly with that required by w&m, 
€is to leave no doubt of its existence. By careful heating, m 
a crucible, of the oxyd, or oxvchlorid of antimony, witih sul- 
phuric acid, until the excess of acid is expelled, a Wuite residTie 
IS obtained, the weight of which, however, is not quite con- 
stant, a mmute quantity of acid being continually given ol^ 
probably on account of the moisture of the air. To obviate 
this source of uncertainty, the oxyd, or oxychlorid was pat into 
a bulb blown on the end of a narrow and thick glafis tube, bait 
in the shape of a retort, close to the bulb. The neck was then 
drawn out so as to end in a point, in which, during the distil- 
lation, a drop of acid remamed, and deprived of its moiBtaie 
any air which might pass throi:^h it. A platinum crucible, lined 
with asbestos, servea as a bath, and was covered with a sheet 
of mica, perforated for the passage of the neck, over which as- 
bestos was also heaped. The heat was such as just to cause 
the acid to distil slowly over, the distillation from between one 
and two grams of oxychlorid lasting several hours : the tem- 
perature was above the melting pomt of lead. At the ei^ 
a minute drop collected in the point, at intervals of from a 
quarter to hau an hour. By too lon^ continuance of the heat 
the vapor of water-free acid is seen m the tube. The acid in 
the neck having been driven off, the point was sealed with the 
blowpipe. The product was a coherent, friable nutss, ciystal- 
line on the surface to the naked eye. 

Of a preparation made from the oxyd, 0*4471 gave 0"2823 
SbO , and 05953 ftaS : of a salt made from Algaroth powder. 
0-6177 gave 0*3946 SbSg and 0*815 fiaS : in the hundred, 

Calculated. 1. 2. 

SbO 3 54*94 54*24 54-88 

SO 3 45*06 45*72 45-31 

100*00 99-96 10019 

* Ann. Cb. PhTS., 3d Ser., zz, 397. 
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Baric Salts. — ^The basic sulphates of antimony form a se* 
ries of salts in whicli the oxyd is combined with two, one, and 
half an equivalent of acid. Besides these, there appear to be 
others, only one of which I have examined, and which are pro- 
bably combinations of these simpler salts. They occur under 
various and often unexpected conditions ; but, in general, the 
degree of dilution of the acid seemed to have the greatest in- 
fluence in their production. When oxyd of antimony is boiled 
with sulphuric acid diluted with about its volume of water, a 
turbid hquid is obtained, in which, under the microscope, no 
distinctly crystalline body can be perceived. On continuing 
the ebullition, when the acid has reached a certain degree of 
concentration, the liquid, provided more oxyd be present than 
it can dissolve, becomes suddenly clear from the subsidence of a 
heavy sandlike body. If the boiling have been stopped as soon 
as this takes place, the substance will be found under the micro- 
scope to consist of flat, rhombic prisms, of considerable size. 
By continuing the boiling, but for a few seconds, these disap- 
pear, without any change of appearance perceptible to the eye ; 
but by the microscope, the prisms are seen to be replaced by 
octahedral crystals. (Generally, however, the prisms are from 
the first mingled with the octahedral salt, from which it is very 
difficult in this way to obtain them quite free. By a slight 
concentration of the acid, as has been said, the octahedra are 
left perfectly free from the prisms. 

Tnese octahedra appear to belong to the regular system, are 
frequently more or less distorted, but very seldom show any re- 
placement or modification of the crystalline form. The faces 
are striated, and to these little projecting angles, acting like 
prisms, is due, it seems to me, the slight amount of color which 
they exhibit in polarized light. As the liquid in which they 
have formed cools, crystals resembling those of the neutral sul- 
phate generally separate. To prevent admixture with these, 
the porous plate upon which they were collected was covered 
and imbed&d in hot sand. In their analysis were obtained — 

1, From 1-1663 salt, 0863 SbS, and 1-1815 Ba5. 

2. From 11359 of another preparation, 0-847 SbSg and 1-1724 

:fta3. 

Calculated. 1. 2. 

SbO, 64-65 63-57 6391 

2SO3 35 35 34-79 3544 

10000 98-36 99-35 

The salt is the bisulphate, and its formula SbSg. 
Mr. Peligot, by the action of fuming sulphuric acid upon 
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oxyd of antimony, obtained a salt ''in the form of small, 
brilliant crystals/' of which he has given the analyses : 

SbO, 630 64-3 

SO 3 371 360 

and which therefore seem to have been the salt just described. 
In fact, hydrated sulphuric acid, gently wanned, unites with 
the oxyd to form this compound, ^ich is then dissolved at a 
higher temperature, with production of the neutral salt. 

In the formation of botn the octahedral and prismatic crys- 
tals, there appears to be direct conversion of the undissolyed 
oxyd into the salts : they are also deposited from a solution of 
the oxyd in sulphuric acid of the proper concentration. There 
is, however, a peculiarity attending their formation. When they 
have separated from the acid liquid, they can be decomposed hj 
addition of water, and again reproduced by concentrating the 
liquid. But if by still further evaporation they have been re- 
dissolved in the acid, as neutral salt, or if the oxyd be at first 
dissolved in concentrated acid, and the solution in either 
case decomposed by water, on evaporation the octahedral crys- 
tals will not be obtained, or will be obtained only in small 
quantity : the separated basic salt redissolves at last compIetdY 
in the acid. By arresting the evaporation at the proper period 
as has been said, octahedral crystals maybe depositee fix>m the 
liquid on cooling, but no conversion of the basic salt into them 
seems to take place. By decomposing the basic salt wiA 
carbonate of soda, and treating the resmting oxyd wiUiiUIate 
acid, the octahedral crystals can be again produced. 

Finding it difficult to obtain the scdt mentioned as occurriDg 
in flat prisms free from the octahedral crystals bj concentra- 
tion of the acid liquid in an open vessel, experiments wa:e 
made with acid of various degrees of dilution. An add of 
sp. gr. greater than 1*6, gave, by boiling with the oxyd, octa- 
hedral crystals : at 1*597 the prisms first appeared : at sp. gr. 
1*57 the oxyd was converted into prisms free from the other 
salt, but smaller than those produced by the gradual concen- 
tration of the liquid ; and at 1*554 the product consisted only 
of needles. So that the production of tne body in question is 
confined within narrow limits of concentration of the acid. 
The salt was dried, like the bisulphate, upon a plate surrounded 
with hot sand. 

Of two difierent preparations 

0*624 salt gave 0*4864 Sb S3 and 0*571 fiaS : (1) 
0*524 « " 0*4097 SbS, and 0*479 6aS : (2) 
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Whence their composition was 

1. 2. 



*—- — » t ^ 



eqytB. eqvts. 

SbO, 66-97 3 6717 3 

SO, 31-42 516 31-39 513 

HO (loss) 1-61 117 1-44 1-06 



«^ 



100-00 10000 

and their fonniila SbjSt, fi, which requires 

SbO, 67-75 

SO, 30-86 

HO 1-39 

loooo 

The salt is most probably a compound of 'two atoms of bi- 
suMiatej and one of protosulphate, aSb9t+Bb5, £[. 

This composition explains the &cili1y with which it is 
changed by prolonged boiling, and concentration of the liauid 
into me bisulphate ; it being only necessary that the equivalent 
of water be replaced by one of acid. 

The crystals of this salt appear large and well defined, under 
the microscope with medium powers. They are four-sided 
prisms, having for their section a rhomb with very unequal an- 
gles, and terminated by two or four faces, which, from the flat- 
ness of the prisms, are not distinctly visible: they belong ap- 
parently to the right rhombic system. Formed by the gradual 
concentration of the acid, they have always the same form ; 
but by exposure of the liquid, or of a solution of the oxyd in 
dilute acia, to the air, crystals are obtained of the same general 
appearance, which seem to be of the oblique rhombic system. 

By exposure for several weeks to the aw, of the liquid from 
which the prisms had separated, a fine white powder was de- 
posited, consisting of minute irregular needles, in which, with 
a power of about 600, no further shape could be made out. The 
quantity was only sufficient for one analysis, and a subsequent 
attempt to form them did not succeed. 0*3447 gave 0.2668 SbS , 
and 0-2167 SO3. 

Calculated. Found. 

SbO, 74-92 73-89 

SO, 20-48 21-59 

HO 4-60 (4-43) 

10000 100-00 

The same salt, without the atom of water, was made by 
Brandes by the action of alcohol upon the neutral salt. 1 
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have obtained in this way a salt in small needles, but which 
was not analyzed. 

The last of these basic salts, the combination of two atoms 
of oxyd with one of acid, has been described and analyzed, 
both by Brandes and by F^igot. It is produced by the de- 
composition by water of the neutral salt, or its somtion in 
dilute sulphuric acid. Precipitated from a solution, I have 
found it amorphous, but by standing two or three days in con- 
tact with the liquid, it crystallizes in needles. According to 
Brandes, the amorphous salt loses the greater part of its add 
by washing with water. The neutral salt, or ratner the magma 
to which the solution of oxyd of antimony in concentrated 
acid congeals on cooling, is resolved into minute crystalline 
needles, when decomposed by warm water, or when by the di- 
lution of the acid sufficient heat is evolved. They subsided 
readily in the liquid, and eould be boiled with repeated por- 
tions of water without changing their appearance, or the pro- 
duction of an amorphous substance. When brought' upon a 
filter and washed copiously with boiling water, the ffltrate con- 
tained constantly a little sulphuric acid and deposited oxvd of 
antimony on cooling. From the agreement of the resolt of 
their analysis with tne calculated composition, it woidd seem 
that in the crystalline state, this salt is not decomposed, or is bnt 
slowly decomposed by hot water. 0*8334 of the salt prepared 
in this way, and dried by pressure in paper, gave 0*8393 BbS, 
and 0-2735 fiaS. 

Calculated. Voond. 

2SbO, 85-66 86-52 

SO 3 11-71 11-27 

HO 2-63 (2-21) 

10000 100-00 

Brandes found in the salt 3 p. c. of water. P^ligot ob- 
tained it water free, and also with two atoms of water. Heated 
to 100° it lost one half p. c. ; the rest of the water required 
for its expulsion a temperature above 240°. 

The series of the sulphates of antimony resembles those of 
the earths glucina and zirconia, considered as sesquioxyds. The 
neutral sulphate of neither of these earths combines with hy- 
drate of sulphuric acid to form an acid sulphate,^ and the 
most basic compound of both contains two equivalents of base 
to one of acid. In place of a bisulphate, thev have salts with 
three atoms of acid to two of the earths, and no intermediate 
salt, like that of antimony, has yet been discovered. From 

^ Zirconia, Berzelius, but perhaps not quite certain — glucina, BeneUiiB,andiD7 
own experiments. 
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bbmuth the antimony series differs in that the salts of the for- 
mer metal are decomposed by water, according to Heinz and 
BugOy into basic salts containing equal equivalents of acid and 
base ; here, also, no immediate salt is yet known. A more im- 
portant difference lies in the fact that oxyd of bismuth appears 
to form one, if not two, acid sulphates. I have analyses indi- 
cating the existence of compounds of the neutral salt with 
three atoms of hydrate of sulphuric acid ; and also of a salt 
crystrallizing in beautiful pearly scales, and containing equal 
equivalents of the neutral sulphates of bismuth and potash. 
A salt with three equivalents of sulphate of potash has been 
d^cribed by Heinz. The further account of these bodies must 
be reserved until their analyses have given more trustworthy 
results. 

Bostcm, AprO, 1868. 



Abt. XI. — On the Secular Variation of the Elements of the 
Earth's Orbit ; by John L. Stockwell. With a plate. 

A KNOWLEDGE of the elements of the earth's orbit is of great 
importance in the discussion of many questions of physics 
which occupy the attention of the scientific men of the present 
day. Indeed, there are many important problems, whose solu- 
tion depends entirely upon the values of these elements ; and 
many others in which these elements are either intimately or 
remotely connected. As an example, we may refer to astro- 
nomical phenomena of eclipses of the sun and moon. Since 
the intensity of the sun's disturbing force depends, to a certain 
extent, upon the eccentricity of its orbit, the amount of lunar 
perturbation depending on the sun's attraction must vary from 
age to age ; sometimes hastening, and at other times retarding 
the occurrence of such phenomena. 

But it is not alone in astronomical phenomena that the 
changing elements of the earth's orbit have an important influ- 
ence. For the intensity of the sun's light and heat follows the 
same law of variation as the force of gravitation ; and it is 
evident that the secular variation of the conditions on which 
these forces depend, must affect the intensity of the forces 
themselves, ana thus have an important bearing on the devel- 
opment of the vegetable and animal kingdoms. Whether the 
secular variations of the forces of light and heat, in so far as 
they depend upon the eccentricity of the earth's orbit, are suf- 
ficient to account for the changes which geology shows to have 
taken place during the ages that are past, we do not purpose 
now to determine. Nor do we purpose to give the necessary 
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data for determining the secular variation of the climate of 
either hemisphere of the earth. It wonld be necessary. &r 
this purpose, to take into account the secular variation of the 
precession of the equinoxes, and also of the obliqniiy of the 
ecliptic to the terrestrial equator, in order to determine the ob- 
liquity and intensity of the sun's ravs on any given Itftitude of 
the earth's surface. But so far as the earth as a whole is con- 
cerned, the only element which it is necessary to take into ac- 
count, is the eccentricity of the orbit. And the values of this 
element are given in the following table, at intervals of tea 
thousand years, together with the longitude of the perihelion 
of the earth's orbit. 

The data and formulas on which this table is based, are 
given in the Treatise on the Secular Eauattane of the Mooiii% 
mean Motion^ which we lately published. The materials used 
in the preparation of the formulas, are the same as those used 
in the construction of the American Ephemeria and Nautical 
Almanac, with the exception of the mass of the earth, which 
has been increased to ^^ | p^,. With those elements and masses 
we have determined anew the secular variations of the elements 
of the orbits of the eight principal planets. The constants 
which we have obtained diner somewhat from those obtained 
by LeVerrier, in his Memoir on the Secular Inequaliiiei qf 
the Seven Principal Planets ; not only on account of the difr^ 
turbing influence of the planet Neptune^ which had not been 
discovered at the time of his investigation, but also on acconnt 
of the improved values of the masses and elements of the 
other planets. We find, in fact, that the superior limit of the 
eccentricity of the earth's orbit, which LeVerrier gives as 
equal to 007775, should be reduced to 006939 ; and an in- 
crease of the mass of the earth, corresponding to the latest de- 
terminations of the solar parallax, would reduce the value of 
the superior limit still more. 

Having thus explained the motives which have determined 
the computation of the following table, and the authority on 
which it is founded, it only remains to explain very briefly the 
accompanying chart and the table on which it is based. 

In tne Treatise on Secular EquationSj &c., already referred 
to, we have given a table and cnart, showing the eccentricity 
of the earth's orbit during the period of a million of years ; 
and the table and chart here given, are merely an extension 
of that table and chart, over a preceding million of years ; 
so that the two tables together extend over a ]>eriod of two 
million yeais. The first date in the following table, therefore, 
corresponds to 1175566 years before the year 1850, or to 
1100(XX) years before the epoch of the integral, in the Treatm 
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eferied to. In the accompanying chart^ the perpendicular dis- 
ance from the line AB, to the carve, shows the value of the 
ocentricitv, at the corresponding dates ; the distance of the 
ine A'B' nrom the line AB, shows the eccentricity in the year 
.850 ; the line XX'^ in like manner, shows the mean value 
f the eccentricity, or, in other words, the square root of the 
Lon-periodic term in the expression of the square of the ec- 
entncity ; and lastly, the Ime A''B'', shows the superior limit 
f the eccentricity. The unit of abscissas is equivalent to 
.0000 years ; that of the ordinates is equivalent to 0*001. 

A simple inspection of the charts indicates a curious rela- 
ion, that could not be so readily discovered by studyin£c the 
abdlar numbers ; and that is, tkt the pints of nia£i2 and 
Qinima are approximately repeated at mtervals of 1,450,000 
'ears. In other words, if at any epoch, there is a maxima or 
oinima of any ^ven magnitude, in 1,450,000 years before or 
iter that epocn, there will be a corresponding maxima or 
[linima. Beferring to the charts for a particular example, we 
lotice that for the abscissa -77, there is a very large maxima, 
nd equal to 0O66 nearly ; and if we add 145 units of ab- 
cissa to -77, we get +68, and for this abscissa the correspond- 
Qg ordinate, or the eccentricity, is equal to 0058. The maxi- 
la which immediately precede the ones here referred to, are 
espectively 0*061 and 0053. The preceding relation seems to 
lold good for the twelve points of maxima and minima that 
re repeated within the penod over which the computation ex- 
ends. The longitudes of the perihelion of the earth's orbit 
re given, for the purpose of showing the great irregularity in 
lotion of that element, and are referred to the equinox and 
cliptic of 1850. 

We are not aware that any computation of a similar nature 
las been performed bv any one, nearly to the extent here given. 
?he only one at all similar, which we remember having seen, 
raapublished by Croll a few years ago, and was derived from 
jeVerrier's formula. But the intervids used in his computa- 
ion were much too long, being 50,000 years, instead of 10,000 
ears, which we have used in our computation. It is evident, 
J inspection of the chart here given, that many points of 
laxima and minima would escape our notice, were we to at- 
empt to chart the curve by means of every fifth ordinate. 

It is hoped that the following results may be found service- 
ble in the discussion of those problems of terrestrial physics, 
1 which solar influence, (whether heat, light, or gravitation,) 
cts as a controlling agent. 
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Table ahotoing the Elements of the Earth^e Orbit during a period 

of ofie Million of Years. 
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BT. XII. — On some Ordaceous fosM Plants frqjn Nebraska; 

by L. Lebquebeux. 

The plants here described have been obtained and sent for 
Lamination by Dr. John LeConte of Philadelphia^ and by far 
16 largest number by Dr. F. V. Hayden, director of the geo- 
»gical survey of Nebraska. It is by the direction of Dr. Hay- 
en that this paper is prepared as a summary of a more de- 
uled report made for him^ which embraces more complete 
escriptions, with figures of all the species. 

All these plants come from the Cfretaceous formation north 
f Fort Ellsworth^ Nebraska, or its vicinity. 

A small number of splendid specimens from the same forma- 
on, belonging to the Smithsonian Institution and obtained 
y Prof. B. F. Mudge of Manhattan OoUege, were lately sent 
> me just in time to be described here as a valuable contribu- 
;on to the flora of the Cretaceous- ef America. They have 
eeu also figured for Dr. Hayden's report. 

1. Fragment of a Fern, probably a Ly^odium. It is too 
nail for determination, even for description, and is merely 
gured as the only remains of Fern found among the Cretaceous 
pecimens. The veinlets are obsolete ; as far as the^ can be 
3en, they appear slightly arched and nearly perpendicular to 
lie medial nerve, which branches above the middle of a narrow 
near leaf or part of leaf. The medial nerve is thicker than in 
ny Lygodium known to me ; but its branching from above 
tie base indicates a division of a linear leaf as it is generally 
sen in species of this genus. 

2. PteropkyUum Haydeniij sp. nov. — Three parts of the 
^me plant in three specimens, viz : part of a frond, with a 
inna, and a cone. The surface of the frond is rugose, bear- 
ig a row of dots which look like the scars of the pinnae. The 
innaa are linear, short, two inches long, half an inch broad, 
lightly enlarged in the middle, and a little curved upward, 
naalso slightly attenuated at the base and at the rouna point. 
?hev are marked by linear parallel strisB, preserving the same 
hicKuess in their whole length and undivided. The cone is 
ylindrical, formed of large imbricated apparently round scales 
tlaced in spiral around the rachis. From the broken speci- 
lens it is not possible to get a good idea of the form oi the 
rhole plant. But it is evidently closely related to PterophyU 
%m JEmestincBj Stiehler (Palaeont., vol. v. p. 76, tab. xv), a 
pecies represented by the same parts or the plant as ours, 
nd which merely diflfers by slightly broader, more obtuse, 
traight pinnse. 
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3. Olyptostrohua gradUimuay sp. noY. — ^This Bpedes resem- 
bles 0. ungefi Heer, from the TertiaiT of Enroipey diflFeriiig 
by more slender branches and shorter leaves. Tne branches 
are thread-like, much divided, the leaves half embraciiig at the 
base and either pointed or slightly obtuse. Some of the 
branches inflated at the point appear to bear male flowen. 
One of the numerous specimens covered with branches of this 
little conifer is traversra by a narrow cylindrical cone, of which 
a few of the scales only are visible. The scales, rhomboidal in 
outline but pointed at the four comers, are marked in the 
middle by an oval dot or scar, from whicn thin, linear doeely 
approached striaa diverge to the borders. It is very probably 
tne cone of this species. 

4. Sequoia formoaaj sp. nov. — ^A fine cone referred with 
some doubt to this genus. It is about two inches long, pro- 
portionally narrow, spindle shaped, inflated in the middk, and 
tapering upward and downwam about in the same d^iree, to 
the point and to the short pedicle. The rhomboidal scales an 
bordered by an elevated margo, and marked by diverging 
wrinkles tending to a round point at the top of the smes. 
No fossil cone of this kind has been publishea, except one bj 
Prof. Heer in his Urwelt der Schweitz, p. 310, as the cone of 
Sequoia Stembergii Heer^ from the Tertiary. This is nearly 
round, obtuse, of a very different form. The scales only are ot 
the same shape. 

5. Phyllodadua wbintegrifoliuBj sp. nov. — A small obovate 
leaf, attenuated to a short petiole^ abruptly rounded and undu- 
late lobed at top. Its substance is prettv thick, subooriaceous. 
The medial nerve is narrow ; the lateral veins dose together, 
nearly contiguous, are thin, simple or undivided, a few only 
appearing i^ated or stronger than the others. No fossil plant 
is related to this. By the form of its leaf and its nervation it 
much resembles Pkyuodadua asplendfoliua of Tasmania. 

6. Arundo cretaceus, sp. nov. — M!erely two small specimens, 
representing knots of branches or of roots of an Arundo, as they 
appear when separated from the stem. They are circular 
button-like scars, more than half an inch broad, elevated in 
the center, and marked at the borders and near the center by 
two parallel rows of verrucose, irregular, mostly round convex 
papillaB. They resemble the scars of Arundo 0^p]^€rti Heer, 
from the Miocene of Switzerland. But as the specimens were 
picked up, detached from the stem, the spedflcation is some- 
what uncertain. There is, nevertheless, from the same locally 
a specimen representing part of a striated stem, 1) inch broao, 
which is referable to an Arwido or a Oyperitea. It shows the 
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doable nervation of the stems of this genus ; deep, well marked 
Btriie, separated by four or five close, thin lines, scarcely dis- 
tinguishable with the naked eye. 

7. LiqiUdambar integrifoUus^ sp. nov. — ^A well preserved, 
large, and nearly entire leaf. Its form is about the same as 
that of the leaves of our Liqwidambar Stwacyflua. It is 
membranaceous, shining, round in outline, deeply five-lobed, 
with lobes obtusely pointed and entire. The primanr, sec- 
ondary and ultimate reticulation is that of our living lAquid' 
anibar. The petiole of the leaf is destroyed, but it is evi- 
dently surrounded by that small basilar subdivision of the leaf 
which is remarked in our living species. All the fossil Liquid^ 
ambar but this have the borders dentate or serrulate like the 
species of our time. 

8. Populus LancastritnsiSj sp. nov. — ^Leaf of a thin sub- 
stance, with a deeply marked nervation, broadly cordate, prob- 
ably acute (the pomt is destroyed(, borne on a slender petiole. 
Its borders are entire or slightly unduJiate ; its primary nerves 
in five like the lateral ones are proportionally slender. It is 
broader and more deeply cordate at its base than any of the 
species of Populus firom the Tertiary, resembling by its form a 
Domheyopsis. 

9. Populites cyclophyUa {Populus) Heer. — Leaves round, 
entire, with slightly undulate borders. Primary nerves in 
three attached to the petiole ; secondary nerves (4 pairs) nearly 
opposite, running straight to the borders in preserving nearly 
the same thickness ; angle of divergence 40°. — This is appar- 
ently Heer's species : Popultts cydophylla^ of which a snort 
dia^osis is given in Proceed, of Acad, of Nat. Sciences, 
PhDad., 1858, p. 266. The author remarks that the base is 
narrowed and the leaf orbicular, a description applicable as 
well to the following species as to this one. The form of the 
leaves of this species is similar to that of Pcpultts Oriemana 
(Ldg.) firom the middle Tertiary of the Bhine ; but the nerva- 
tion is far different. 

This and the four following species can not be considered as 
belonging to the genus PoptHus. They differ not only by the 
narrowed base descendiug in a curve to the petiole, but espe- 
cially by the nervation which is truly craspedodrome, the sec- 
ondary nerves running up to the borders as in the beach. By 
the nervation, therefore, their relation is rather with Platanus 
than with Populus. But the leaves are all entire, oval, or 
round, or flabelliform. They belong evidently to a new genus 
whose relation and characters have not yet been thoroughly 
ascertained. 
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10. Populitea degans^ sp. nov. — This species has larger 
leaves than the former, and also differs ftom it by its strong, 
slightly undulate, more divided secondary nerves, and by its 
more elongated base and lon^ petiole. The number oftiie 
secondary nerves and their angle of divergence are the sama 

11. PopiUites ovataj sp. nov. — Leaves ovate in outline, with 
an obtuse or truncate point ; borders undulate, enlai^ging to- 
ward the base and abruptly curved to a pretty long slender 
petiole. The primary nerves are in three or five ; the sec- 
ondary ones are thin, alternate, distant, few in number, with 
an angle of divergence of 30°. The ultimate reticulation de- 
rived from pretty large square subcontinuous areas is polygo- 
nal and small, like that of a Platanua. 

12. Populitea quadrangularisy sp. nov. — ^This leaf is about 
quadrangular in outline, with obtuse angles and convex bor- 
ders ; the upper part undulate, the lower entire. The petiole 
and medial nerve are slender, the primary nerves in five, the 
lowest pair at a short distance from the upper, the secondaiy 
nerves numerous, six on each side, running paraUel and slightly 
arched to the borders. The substance of the leaves is pretly 
thick. The lowest primary nerves, shorter and more slender, 
run along the borders as in Poptdua. 

13. Popvlitea flabeUaJtay sp. nov. — ^A round fan-shaped leaf 
somewhat abruptly narrowed toward the base, petioled vdA, 
thin. The borders are slightly crenulate, especially in the 
lower part of the leaf. The medial nerve, strongly curved to 
one side, is thick as also the lateral and secondary nerves, 
which are alternate, pretty close to each other and branching. 
The veinlets are deeply marked, perpendicular to the nerves 
and continuous. 

14. Populitea Saliaburicefoliaj sp. nov. — ^The general outline 
of this leaf is about the same as in the former. It is fan-like 
also, narrowed to the petiole where the borders are slightly de- 
current. Its broadest part is above the middle, and the top, 
nearly flat, is divided oy two deep narrow sinuses, in three 
obtuse, undulate or slightly crenate lobes. The nervation of 
this species is that of an Acer. The primary nerves in three, 
from above the base of the leaf, are distinct but narrow ; the 
lateral ones ascend to the top of the lobes in dividing outward; 
the medial one branching from above the middle in opposite 
arched divisions, ascends to the slightly notched top of tne leaf 

15. Salix protecefolia, sp. nov. — Except that the leaves are 
smooth or polished, apparently thick and coriaceous, this spe- 
cies so much resembles Salix tenera Al. Br., that no difierenoe 
can be pointed out in these forms. The leaves are lanceolate 
or linear-lanceolate, merely pointed or tapering upward into an 
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elongated point ; sometimes slightly enlarged near the base and 
gradually narrowed into a thin petiole^ more than half an inch 
lone. The secondary veins rarely visible, ascending under an 
an^e of 40 to 45° j curve near the borders and are separated by 
shorter intermediate ones. In some of the specimens referred 
to this species^ the substance of the leaves appears thinner and 
the surface not polished. This difference may be due to the 
nature of the stone in which the leaves have been imbedded, 
or there may be two species whose leaves are exactly alike in 
form and nervation. There is still among the specimens one 
leaf which, though of the same form, is much smaller, obtusely 
pointed, with a bnger petiole. The nervation is totally obso- 
lete. It may belong to another species. 

16. Betula Beatricianay sp. nov. — ^Leaf enlarged above the 
middle, obovate in outline, cuneiform to the petiole, tapering 
upward to a point; unequally simply toothed in its upper 
part. The nervation, general form and surface of the leaves 
are those of the genus. There are many fragments of the 
species. On some specimens the teeth appear somewhat obtuse. 

17. Fagus polycladusj sp. nov. — ^An oval, probably obtusely 
pointed leaf (the point is destroyed^, narrowed to the petiole, 
entire and wavy on the borders, with a narrow medial nerve 
and very slender, numerous (14 to 16 pair) parallel secondary 
nerves, ascending under an angle of 40° strai^t to the borders. 
The substance of the leaves is thin, its surface polished. From 
the 0reat number of secondary nerves and their proximity, this 
species resembles Fagus Deucalionis Ung. ; but this has den- 
tate borders. By its form and its undulate entire borders, it 
is like Fagus sylvatica S., of our time, merely differing by the 
number of the veins. 

18. Quercus primordialiSy sp. nov. — This species is of a 
type which has many representatives in the Tertiary, and 
which is still found most predominant among our living oaks. 
Its nearest relation is our Quercus prinoides Mich., which it so 
closely resembles as to be undistinguishable from it by any 
characters taken from the leaves. The leaf is oblong-lanceo- 
late, taper pointed at both ends, short petioled, with borders 
regularly dentate, the teeth pointing upward, separated by ob- 
tuse sinuses. The medial nerve is sharp and narrow like the 
secondary nerves (about 14 on each side), which run straight 
to the sharp point of the teeth under an angle of 40^. The 
yeinlets are clearly marked, perpendicular to the nerves and 
continuous. 

19. Quercus hexa^onay sp. nov. — There is only one broken 
specimen of this species. In the middle of the leaf the borders 
are nearly parallel and entire ; above they taper to ^ ^vcA* ^^^ 



96 L. Leaquereux on foasil pUxnta from Nebrtuka, 

are marked by a few strong pointed teeth. Downward they 
are slightly enlarged just above the base, and hence are atten- 
uated to the petiole, giving thus an hexagonal form to the lesi 
The secondary nerves, seven on each side, slightly carve in as- 
cending each to the point of a tooth. 

20. Quercua EUsworthianuSy sp. nov. — ^A leaf somewhat 
like the following, resembling Quercua LyeUii Heer, by its 
oblong oval form and undulate borders ; the point is de- 
stroyed ; the base is narrowed to the petiole. The Bubstanoe 
of the leaf is thin and the secondary nerves very slender^ camp- 
todrome, sometimes branching near the borders. 

21. Quercua ancepaj sp. nov. — ^Allied like the former to 
Quercua Lyettii Heer. Leaves coriaceous, ovate-lanceolate, 
pointed, or short-acuminate, attenuated to the base, with veiy 
entire, not undulate borders. Secondary nerves strong, camp- 
todrome, curving near and alon^ the borders ; veinlets perpen- 
dicular, nearly continuous, mostly branching. The base of the 
leaf is destroyed. 

22. Quercua aemi-alaiuaj sp. nov. — The leaves of this spedeB 
are irr^ular in form and nervation. The general ouflme is 
ovate-lanceolate, obtuse at the base and at the top. It is 
more extended on one side than on the other, obtuselv lobed on 
one side and merely undulate and entire on the other. Sec- 
ondary nerves alternate, strong, at variable distances, of vari- 
ous length, craspedodrome and camptodrome, diverging under 
various angles, with the reticulation of a Plcianua. ^e sub- 
stance of the leaves is pretty thick. 

23. Ficua f rhombotdeuay sp. nov. — ^A remarkable leaf. It 
is a little broader than long. From its broadest obtuse part 
in the middle, it is broadly wedge-form to the base, and also 
to the top, having therefore a broadly rhomboidal form. The 
borders uom the middle downward are entire ; obtusely crena- 
late or undulate upward. The nerves palmately divide in five 
from the base, the exterior ones following the borders thonrii 
not quite parallel, and ascending to middle of the leaf; ue 
internal ones ascending in an acute angle nearly to the top, 
where they curve inward to the medial nerve. This one is of 
the same thickness, and does not branch but by veinlets. The 
ultimate meshes of the reticulation are broad and polygonal as 
in a Popylua. The affinity of this leaf is still uncertain. 

24. Ficua f Jimhriatuay sp. nov. — ^This leaf, of which a frag- 
ment onl^ is preserved, is still more remarkable than the for- 
mer. Kidney-shaped in outline, truncate at its broad base, 
its whole upper border is surrounded by regular, erect teeth, 
inflated or dilated at the point as if bearing small leafy expan- 
sions, and separated by broad obtuse sinuses. The petiole is 
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thick, attached to the leaf a little above the lower border, 
which is thus continuous. It is palmately seven-nerved, the 
nerves scarcely branching, diverging all around and vanishing 
before reaching the borders. The veinlets are perpendicular 
to the veins, slightly arched, subcontinuous ; ultimate reticu- 
lation polygonal, small, like that of a Fictia. But the relation 
with this genus is uncertain. 

25. Plcianus aceroidea ? Gopp., var. Zo^tor. — Leaf broader 
than long, palmately trilohate, with short scarcely distinct 
lateral lobes ; borders distantly dentate, flat or undulate be- 
tween the teeth, the short teeth like the lobes pointing out- 
ward. The primary nerves diverge from the petiole just at the 
border of the leaf, under an angle of 40^ to 50°, like the sec- 
ondary ones. The base of the leaf is slightly rounded or rather 
truncate, the petiole thick, the substance of the leaves pretty 
thick and the sur&ce rough. It may be a distinct species, 
differing from the more common forms of P. aceroidea by a 
comparatively broader leaf, shorter lobes, and teeth pointiog 
outward. But we find the same characters in Plaianua rugo- 
eus Gopp., a Miocenic species which Prof. Heer considers as a 
mere variety of P. aceroidea. 

26. Platanua Newberrii Heer. — There is only one fragment 
of this species among the specimens sent for examination, and 
it is about as broken and uncomplete as the one figured by 
Prof. Heer in Phyllites du Nebraska. It evidently diners from 
the former by its more narrowed base, the leaf descending to 
the petiole in a broad wedge-form. The primary and sec- 
ondary nerves are proportionally narrower and the veinlets 
more irregular and divided. In spite of these apparent differ- 
ences, the relation of both species is not positively denied. 
This leaf, like the former, is pretty thick, coriaceous and of 
large size. 

27. Platanua obtuailohaj sp. nov. — This species, represented 
by many specimens, has still more numerous and marked va- 
rieties than Platanua aceroidea. It is palmately, obscurely, 
irregularly trilobate, the lobes being sometimes marked merely 
on one side of the leaves and always more or less obtuse. 
The borders are rather deeply undulate than obtusely dentate, 
and the base either cordate or rounded or attenuated wedge- 
form. The size of the leaves is equally variable. The only 
general character recognizable on all the specimens is the posi- 
tion of the point of union of the primary nerves, generally in 
three, at a distance above the base of the leaves or the point of 
attach of the petiole. Except this, the nerves themselves 
differ in their mode of branching, the medial one especially, 
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which is sometimes pinnately and alternately divided and 
sometimes without any branches. 

28. Platanua diminutivuSy sp. nov. — ^Though far different in 
form, size^ &c., from the former species, this may be still a pe- 
culiar variety of it. It is a very small leaf, no more than one 
inch long, nearly as broad as lon^, cordate, obtusdy pointed in 
outline, with wavy borders and round base. The primarj 
nerves are in three^ but one of the lateral is lower wan tbe 
other; all proportionally very thick and inflated here and 
there. The secondary and tertiary nervation and also the color 
and substance of the leaves are the same as in the ibinMi 
species. 

29. Oredneria LeConteanaj sp. nov. — ^The lea;^ a part of 
which only is j>reserved, is large, measuring in its broadest part 
about seven mches, being apparently somewhat longer. Its 
form is broadly subcordate, rounded at base, with borden en- 
tire. All the nerves and veinlets are deeply marked; tlie upper 
secondary nerves diverging at an angle of about 00^, while tbe 
two lower ones are shorter, narrower and nearly horizontal It 
is the position of these two lower secondary pair of nerrei 
which marks the essential character of the genus OredKma 
^Zenker), as limited by Stiehler ; and this character is weB 
aistinct in our leaf whose size, outline, &c., corresponds exactly 
with the species described by Stiehler from the Uretaoeous of 
the Hartz mountains. This species, like Ptercphyttmm Sof- 
deniij points out a relation of our Nebraska Cetaceous with 
that of Europe. 

30. Lavnrus Nebraacencia (Peracea NebrcLacemcia Leeq.), 
Trans. Amer. Phil. Soc, vol. xiii, p. 431, pi. 23, fig. 940.— A 
thick, coriaceous, ovate-lanceolate pointed leaf, narrowed down- 
ward to a pretty long and thick petiole, with the nervation of 
a Laurua or Peracea. From its pretly long petiole and its 
great likeness to Peracea apedoaa Heer, I formerly considered 
this leaf as a Peracea. But the fruit described below, of a tnie 
Lawrua^ found in specimens from the same locality as this let^ 
forces the admission of it being a Laurua. 

31. Laurua macrocarpuay sp. nov. — ^Fruit of a Xofrw, 
probably of the former species. It is a round, oval, piettf 
large nutlet, somewhat roughened, undulate across, and nuukea 
lengthwise by narrow, equidistant, scarcely distinguishable 
ribs. The support is club-shaped, smooth, marked upon its 
top, or on the surface where it joins the nut, by four vascular 
dots. The nut is inclosed into a pretty thick, apparentlj 
spongious pericarp, split around, at points corresponding to 
the horizontal wrinkles. 
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32. Sassafras Oretaceus Newb. — Much like our Sassafras 
Hcinalis ^£rom which it would be undistingaishable^ indeed, 
it for the thick, coriaceous substance of the leaves. The 
aves taper to the base from an enlarged trilobed top ; the 
rteral lobes, diver^g and nearly horizontal, are dightly 
»nger than we medial one, all obtusely pointed. The nerva- 
on is very distinct ; the primary nerves thicker than in the 
ving species, the reticulation exactly of the same kind. 

33. aassafras Mudgity sp. nov. — ^Though nearly similar to 
le former in its general outline, it is evidently a different 
pecies. The lea£ which is nearly entire, is 8 inches long, 5 
iches broad, at tne point of the lateral lobes, gradually nar- 
>wing to the petiole, three lobate from the middle. Lateral 
>be8 oblique, not half as much diverging as in the former 
pecies, proportionally narrower and more obtusely pointed, 
.he medial lobe is twice as long as the lateral ones ; substance 
f the leaves thinner, slightly membranaceous, polished. 

34. Sassafras suUntegrifoliuSj sp. nov. — ^The leaf appears 
!> be trilooate or merely emarginate at its rounded top, 
oroadly oval, tapering in an obtuse angle to the petiole, entire, 
ubcoriaceous. It is palmately triple-nerved ; the lateral 
erves not being opposite but at a snort distance from each 
iher, as it is often the case in the genus Sassafras. This 
pecies is distantly related to S. JEsculapi Heer, of the Swiss 
liocene. 

35. Proteoides Daphnogenoides Heer. — Leaves ovate-lan- 
eolate near the base, tapering upward to a very long, acute, 
lightly scythe-shaped pomt, smooth and coriaceous, attenuatea 
ownwaid to a short thick petiole ; medial nerve narrow, sec- 
•ndary nerves obsolete, few, ascending under a very acute 
ngle along the borders. These leaves are very lon^. Our 
pecimens show two nearly whole leaves, one of which is 8 
nches long, and onl^ one inch broad near the base. As the 
pecies of Prof. Heer m the ^^Phyllites du Nebraska"' are repre- 
ented by mere small fragments, it is not positively certain 
hat ours is the same. 

36. Proteoides acuta Heer. — Leaves narrower than in the 
brmer, with a longer tapering base, undulate borders, thinner, 
knd not polished on the sunace. No trace of lateral nerve 
listinguishable. 

37. Lyrtodendron intermediumy sp. nov. — ^A part of a leaf 
ividently belonging to this genus. The upper segments are 
tomparatively long, obtuse, at a distance from the lower ones, 
ndicating a proportionally long and narrow leaf. 

38. Lyriodendron giganteuMy sp. nov. — ^A species repre- 
lented still by a broken fragment. It is only one of the supe- 
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rior lobes of the leaf, with the sinus which separates the upper 
segments. It is broadly oval-oblong, very ootuse, thick and 
coriaceous, with the medial and the three secondary nenres 
which generally enter the upper lobes of a Lyriodendnm. 
This leaf is evidently of very large size. 

39. Magnolia tenuifoliay sp. nov. — A large leaf of thin tex- 
ture, 6 inches long, 2i incnes broad, oblong, obtusely pointed?, 
slightly rounded and attenuated to a pretty long petiole. Sec- 
ondary nerves narrow, open, angle of divergence about 60^ ; 
medial nerve sharply grooved. 

40. Magnolia cUtemana Heer. — There is only one specimen 
recognizable of this species. It is like that of fig. 3, pL 3, in 
the Phyllitea du Nebraska, The leaf is coriaceous, ovate-obloDg 
lancolate, gradually narrowed to the petiole; medial nerre 
thick, lateral veins ascending in acute angle, curving and anas- 
tomosing along the borders. 

41. Dombeyopsia obtusilobaj sp. nov. — ^The finest spedmen 
of the whole collection. The leaf is whole, merely deprived of 
its petiole ; 7 inches long, 5 inches broad near the base where 
it is the broadest. Its general outline is triangular-elongated, 
rounded subcordate at base, gradually diminishing to an obtuse 
point, deeply sinuous or obtusely irregularly lobed on the bor- 
ders. It IS palmately seven-nerved at the base, the medial 
nerve thick, as well as the two proximate ones which ascend to 
i of the leaf in an acute angle ; the ultimate or basilar nerves, 
not quite as thick, diverge near the base of the leaf to the point 
of the lower lobe. The medial nerve branches from the mid- 
dle ; the veinlets seem to be perpendicular to the nerves bat 
obsolete ; the ultimate reticulation has pretty large, hexago- 
nal, polygonal or square meshes, with their veinlets as distinct 
as those of the areas. — ^This leaf, for its general outline and 
nervation, is similar to D. Dechenii Web., Paleont. ii, p. 193, 
pi. 21, fig. 10, from the Tertiary lignitic formation of the 
Under Rhein., differing by proportionally greater length, ob- 
tuse lobes, round base, &c. 

42. Acer obtusilobumf Ung. — An entire, well preserved 
leaf, membranaceous, trian^lar in outline, obtusely pal- 
mately five-lobed ; basilar lobes broad and undulate, superior 
divisions short and obtuse. — This species might be consid- 
ered as identical with that published under this name by lin- 
ger (Chloris, p. 134, pi. xliii, fig. 12 and 13), if it was not for 
a marked difference in the nervation. In Unger's species, the 
upper lateral primary nerve divide upward near the middle, 
and the branch ascends parallel to the medial nerve, uniting 
with the secondary nerves above. This kind of nervation, re- 
sembling that of a Meniapermum, is observable in the follow- 
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species. In this leaf the nervation is craspedrome and 
ptodrome as in other species of Acer. 
I. Aceritea menispermifoliuSy sp. nov. — A small leaf, trian- 
r in outline, five lobate, with short obtuse irregular lobes, 
lary nerves in five from the base, the upper lateral one 
chmg in the middle with one of the divisions ascending 
ard. The base of the leaf is nearly truncate. It may be- 
to the former species or to a true Menispermum. Another 
11 leaf, also triangular, with a cuneate base, three obtuse 
kl short lobes, the middle one abruptly short pointed and a 
lar kind of nervation, may be a vanety of the same species. 
L Negundoides dcutifoliay sp. nov. — Two thin leaves, which 
»ar to have been attached on a same common petiole, and 
3fore to belong to a compound leaf. The upper leaflet is 
ler, ovate, lanceolate-pointed, entire ; the lower one is 
rged on one side, dentate-lobed, like an Acer^ and with the 
) kind of nervation, while the other side is narrow, entire, 
merely secondary nerves as in the upper leaf. Prof. Un- 
.n his Chloris has figured and described, under the name 
cer, two lanceolate leaves, slightly dentate, which are op- 
te on a common rachis, and belong, therefore, to a com- 
id leaf resembling a Negundo. Tney have some afi^ity 
ours. 

K Pcdiurus membrandceuSy sp. nov. — ^Leaf exactly oval- 
se, of a thick membranaceous substance and polished sur- 
; palmately three-nerved from the base ; lateral nerves 
nding to above I of the leaf, branching outward and united 
le thicker medial nerve by perpendicular veinlets. 
I. Bhamntta tenaxj sp. nov. — ^A fine leaf represented by two 
ments on the same specimen. It is lanceolate or slightly 
e-lanceolate, gradually tapering to a point and narrowed to 
Lort petiole still attachea to a branch. The secondary 
es, 14-15 pairs, ascend in an acute angle of 30°, and curve 
5 the boraers ; the veinlets are obsolete, nearly continu- 
ind perpendicular to the veins. 

^ Phyllites Bhoifolius. sp. nov. — Two fragments of an ob- 
subcoriaceous thick leaf, with a broad medial nerve and 
idary nerves alternate, emerging in an open angle, arched 
ard, curviBg near the borders wiere they unite. The bor- 
of these leaves appear marked with distant irregular don- 
ations like those of our Rhus cotinoideSy which this species 
nbles, also, by the nervation. The base and top of these 
js are destroyed. 

1. Juglana Debeyana {Popvlua f) Heer. — The general form 
le leaves of this species, represented by many specimens, is 
d^ oval and slightly obtuse ; sometimes oval-lanfi^o\».^^ 
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with a blunt point ; borders always entire. Some of the lea?eB 
are equal on both sides, and have a pretty long petiole ; some 
others are broader on one side or inequilateral, often curred 
to one side from a short petiole, thus showing the form of leaf- 
lets of a compound leaf. The nervation is exactly that of a 
JugUms ; I consider, therefore, these leaves as belonging to 
this genus. 

49. PrunuB Parkttarii {Andromeda f) Heer. — ^Among the 
numerous specimens of this species, one of them has distmctly 
preserved its nervation, which is like that of a Prwms or of an 
Amygdalua. As the leaves are all entire, coriaoeona, all lan- 
ceolate pointed, attenuated to the petiole which, like the me- 
dial nerve, is striated lengthwise, they have the essential char- 
acters of the Prunus. The following fruit tends to support 
this assertion. 

50. PrvnuB OretaceWy sp. nov. — A broadly ovate*pointed 
nutlet, similar in every point to a large kernel of a Prwiiia, or 
to a very small almond. The sur&ce is smooth ; the truncate 
base is notched by a groove ascending to above the middle of 
the nut. Another nutlet of the same kind seems to have its 
whole thickness imbedded in the stone showing merely its 
back ; though it is figured, its relation is not ascertained. 

51. PhyUUes Vannoncs Heer. — The specimen does not difbr 
from the figure and description of this species in Phyllites dn 
Nebraska. The leaf is ovate, taper-pointed, attenuated to the 
base, entire, and slightly more enlarged on one side, at least 
near the base. Medial nerve narrow ; secondary nerves ob- 
solete. 

52. PhyUites umbonafm^ sp. nov. — ^A leaf perhaps deformed 
by compression, for the medial thick nerve is split m two from 
the top to the middle of the lea^ which is thus deeply cut or 
emargmate. The leaf about orbicular in outline is tamcate at 
the l^se, irregularly lobate on the borders, with three or four 
pairs of secondary veins, the upper ones curved upward, those 
of the middle nearly at a right angle with the medial nenre, 
and the inferior turned downward. 

53. PhyUitea amorphuSy sp. nov. — Two fragments of a cori- 
aceous obovate entire leaf, narrowed toward the petiole ; medial 
nerve deep and narrow ; secondary nerves either horiEontai, or 
turned downward, or ascending in an acute angle, brandbng 
also in various abnormal ways. 

To complete the list of fossil plants known at this time from 
the Cretaceous formation of America, we have only to add to 
the above enumeration the plants collected byDr. F. Y . Hayden, 
of which a short account is given by Prof. Heer in Proceed, of 
Nat. Sciences of PhiL, 1858, p. 265 ; those of Profii. Maroon 
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and Capelliniy described and figured by Prof. Heer in 'Thyllites 
Gr^tac^ da Nebraska f and those sent to me, still later, by 
Dr. John LeOonte, which are figured and described in Appen- 
dix to Tertiary fossil plants of the Mississippi State, in Trans. 
Amer. PhiL Boc., vol. xiii, p. 430, pL 23. Considering the 
species we find : 

1. Lytiodendron Meekii Heer, Proc. Acad, of Nat Sciences. — ^A small 

leaf with short round lobes not found among oor specimens. 

2. Sapotadtes Haydmii Heer, loc cit — A leaf of anknown affinity. 

8. Lauru9 prinUgenia Gdpp. in Heer, loc. cit — Not seen among our 
specimens and evidently different of L. Nebrascenins, 

4. Zeffuminositea Marcouanua Heer, loc. cit — ^Unknown to me. The 

author compares it to a Casalpinia, 

5. Popultu leuce IJng. in Heer, loc cit — Not satisfactorily recognized. 

6. Populus cydophylla Heer, loc. cit — Probably the same species as 

the one of ours to which the specific name is preserved. 

7. PhyUitis obtusilobatus Heer, loc. cit — An imperfect fragment, per- 

haps referable to Lyriqdendron Meekii, 

8. PkyUiUs obcordatue Heer, loc. cit — Of unknown affinity. 

9. Pcpului UHgiosa Heer, Phjil. du Nebraska. — Fragment Not seen 

in our specimens. 

10. Populusf Debeyana Heer, loc. cit — Described above as Juglam 

Deheyana, 

11. Salix nerviUosa Heer, loc. cit — Not seen among our specimens. 

12. Bettdiies dentieulata Heer, loc cit— Not seen. 
18. Ficus primordialU Heer, loc. cit — Not seen. 

14. Platanusf UTetoberriana 'Reer, loc cit — Described above. 

15. Proteoides ChevUliceformie Heer, loc. cit — Described above. 

16. Proteoides acuta Heer, loc cit — Described above. 

17. Proteoides daphnogenoides Heer, loc. cit, and Trans. Am. Phil. 

Soc, vol. xiii, pi. 23, fig. 8. 

18. Arietoloehites dentata Heer, loc cit — Not seen. 

19. Andromeda Parlatorii Heer, loc cit — Considered in this paper as 
a Prunus, 

20. Diospyrot primava Heer, loc. cit — Not seen. 

21. dssites insignis Heer, loc cit. — Not seen.^ 

22. Magnolia altemans Heer, loc. cit — Described above. 

23. Magnolia Capellini Heer, loc. cit — Not seen. 

24. Populites eoriaeeus Lesq., Proc Am. Phil. Soc, vol, xiii, p. 480, 
pi. zxiii. 

25. Phyllites Betulafolius Lesq., loc cit 

26. Persaa Nebrascensis |Lesq., loc cit — Considered as a Laurus. 

27. Sassafras LeOonteanus Lesq., loc cit 

28. Cinnamomuin Heerii Lesq., loc cit 

Of these species, 8 are described in this paper and therefore 
we ha^e to add to our number twenty, making a total of 73 
species, or rather forms of leaves, from our Cretaceous.^ 

* It is wen understood that when the word apedee is used !n an exaooination of 
fossil plants, it is not taken in its predse sense. For indeed no epeeiea oan be es- 
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: -^ - . - -.T.:-. - -_:- *--.•-* :• . -r:*:--! br Messrs. Marcou 
- ._:. : .. '-i"-^ i*' -' '-- - rT^i::n to what had l»een 
...- - --. -1 2" _ -— Ti- LZjf-K-r -="i.«. that none of the 

--"-•- --: ^ "~i- --tz. -l-.T r^--era were difftrent 

:.-- V- .11 i..-:i- rr i_ ill? :Lat there isnotanr 

::--:.---.- i --t-i :_- .':-'.:^>.- -? £ ra of our continent 

:. "...■ Zi* '" > ii-r "It niT-zriil? which may serve as 

1. - - 1 ^i- 1 : ii-r ve: '•f-jn discovered. Pro£ 

Z--- —'-1.1- •: >• - :::i- s--t.: i.-r.r.'iT l^tween a Cretaceous 

t -1 : ir -.~L.i- i~f- ' :'i : : z.z.vrrr ^ Magnolias andFicw; 

: . -• -'.-'...'£.- 1-1- fT-::-.-? •i•^:^c^il>ed from Dr. Hav- 

. "1 • - - ::-i- ." .- -— - "ii: :iv «anie generic affinity is ob- 

...... _ -.--^ - >--^.- - ? £ ri :: the Hartz mountains bv 

:- ;--':.-- - 111 1- Pr>r:jV.7uni. Nevertheless, the more 

""- c:: ~ : i- £ r-- ::.. j-r^ji.iil a^res of America, the more 

~- : • ji-i- .1 ■..-:.- :-..'il:-ir :yj«es which in their grouping 

■-".*-> ■ 1.-: :.. .J 'r: i^llr-i an American /acits, which by 

- . --•-•: ::--i-.-.l :.• t.:.- rasi*.--! to our present flora and as- 

• IT. 1 " .: .:- J r.-.Tii -ij-iraiter. Is it not remarkable, for ex- 

. . 'L\'. :rCrv:^.v *:* fjs-il plants should have a more eri- 

:.■ : 1 .:: :. ~:::. ■•ir jreserit flora than with that of any stage 

: " - T-rr". .ry ! Eur j - S*:»Ti:e of the Cretaceous 8i>eciusarc 

'..-:.:..• .i-M I- t:- Hi iiredoininant sjic-cies of our time. And 

■ .. :. • . i^y. \t ::i:>.ly the gt-neral fjicies of our present rrbo- 

• • :.: v-jtiti n. w.- can but recotrnize it in the Cretaceuus. 

L\^pi'*.hntilrir. Po/tithis, Befuhy Fagu8y QuercxiSj Plaianm. 

''i-'tlHrrvx (. l.-jvly allit.d to Coccoloba oi' which we have two 

. • • i-- in Yl ivlhi), Lanrii8,Sa8Sofra8,Lyriode7idronjMagnoUaf 

Ar*.f\ PuUnms, lihmnmts, Juglans, Frunu8y&c.y all genera of 

ir> aijd this iu st-vt-nty species discovered I Is it possible to 

j-*iiit '-ut ii niurc evident characteristic affinity ! 

Fnnii tills wu may at once admit, that we do not have to 
i iok for th«t »»ri^in of our actual vcpctation to some fiu" distant 
I ouritry, and to account for its nature by peculiar and cataclys- 

: tlilislu'd fViini U'ftvoH or nion* frajrmontrt of leaves. lUit na palaoontolopstj? hare 
I.. nu*(i);iii/.u thow forms tli-sci ibtMl nml lijnired, to compare them nnd ufo llitm fir 
r t'l'reiKM'H, it \h iioooHsnry to atV.x to thoni !»pccific names and therefore to consider 
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matic transportationB. Its origin is not Australian as it has 
been sometimes admitted, nor Asiatic, still less European; 
bat it is bom, has been cradled, and has grown up on this 
oontinent. This preservation of peculiar types, present at 
dr?erB geological epochs, indicates a successive and slow devel* 
opment of formations without such great disturbances as are 
lecognizable in other countries ; and it proves also that the 
dimatic conditions of our North American continent have con- 
tisaed about the same as they are now from the Cretaceous 
through the Tertiary. No species found in these formations of 
ours indicates a warmer temperature than that of the Southern 
States. 

We know very little yet of the vt^tation of our Tertiary 
Ibrmations, and it is impossible to attempt now a comparison of 
the floras of the Tertiary and of the C&etaceous in America. 
STevertheless, from the species already published, even from 
those of the Tertiary of Nebraska, obtained by Dr. Hayden 
and Dr. LeConte, the generic affinity is striking and therefore 
thegeneral American racies is equally represented in both. 

"Vegetable remains are the records of the natural phenomena 
uliich have governed the surface of our earth at different epochs. 
U'owhere else can the successive development of a long series 
of vegetable cycles, without cataclysmatic interruptions, be 
followed as well as in America. When, then, the fossil plants 
of our country have been thoroughly studied, thev will unfold 
to US the history of nature's proceedings during the geological 
times. Questions of a high order are therefore intimately al- 
lied to the study of those remains of fossil plants so little val- 
ued among us even now. 

Ck>liimbu8, March 19| 1868. 



Abt. XIII. — Recent Eruption of Mawna Loa and KHaueOy 

Hawaii. 

[The following are extracts from some of the accounts of 
the recent great eruption on Hawaii which have reached us. 
The reader will be aided in understanding the geo^phy of the 
island by referring to a map in volume xxvii of uds Journal, 
p. 412, (or that in the writei^s Manual of (Jeology, p. 696.) The 
district of Kona is on the West side of the island, between c 
and/ nearly; that of Kau^ on the southern, frx)m / to a line 
running S.S.E. from Eilauea; that of Puna, east or Eau, and 
south of Hilo. Kahvku lies almost in a direct line between the 
summit of M. Loa and the south cape, 12 or 15 miles north of 
the cape, and this line was the course of the principal fissuxea 
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and flows of lava. The new idamd is ntnated yast aouih of 
the south cape. Waiohinu is abont 8 miles east of Kahidni 

gorth of i on the map), 5 or 6 miles from the sea at KtMludbL 
^muapoiBB,ii ; PtmaZwii, 4or5nulesfiurtherea8tontfaaooast 
^ttZealies3or4mileseastofnorthofPanalniL From Pmrafan 
the road to Eilanea leaves the coast and mssee through If dbota^ 
Keaiva (abont 26 m. from Eilanea), Katntpala (18 or 20 m. 
from K. and 3000 feet above the sea), mr, F. 8. Lyman lived 
near Keaiva. The mnd-emption of which he speaka in hii 
letter below was a little northwest of a line between KeaifB 
and Kapapala; and the lava eruptions near Hiilea are west of 
south of tne mud-eruptions ; both appear to have been con- 
nected with the dischi^^ of Kilauea, while the eruptions nev 
Kahuku and in the line east of north from this place may have 
come direct from the central crater of the mountain. 

The letter of Mr. Lyman to his brother, David B. Lyman of 
Chicago, was received by us through Prof Lyman of New Haven. 
For omer communications we are indebted to Plro£ Alexander, 
of Honolulu, and the Honolulu papers.^F. D. Dana.] 



1. Letter from Rev. Trrus Co an, {to J. D. Daka,) dated Wlo^ 

JETawaiij April 7, 1868. 

History and tradition record no such commotion on Hawaii 
as we have just experienced. On the 27th of March, slight 
and repeated shocks of earthouake were felt in Kau, the soutii- 
em district of this island. On the 28th these shocks became 
more frequent and more energetic, extending to Hilo, Eona^ 
and probably to all parts of me island. On this day the in- 
habitants of Hilo saw steam and fire shooting up from several 
Joints on the summit^ and down the S. E. slope of Mauna 
oa. During the same day, all Kau was startled by heavy 
explosions and roarings^ as of a tempest, from the mountain. 
The mountain was rent, apparently, from near the sununit cra- 
ter, Mokuaweoweo, half way down its southern slope, and 
jets of steam and smoke went up from many points, while 
four distinct streams of lavas flowed out from separate fis- 
sures, and rushed down the mountain. One of these streams 
flowed nearly due south half way down the mountain to- 
ward Eahuku. At the same time a terrible earthquake shook 
down the large stone church at Eahuku, and also all the stone 
dwelling houses in that place, including the houses of some 
foreign gentlemen, who are grazing catue at the foot of the 
mountain. 

A letter just received from Bev. T. D. Paris, of Eealakekua^ 
South Eona, and dated March 29th, contains some &cts con- 
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erdav. during the heaving of the earth, four avalancheB 
the ^aanaloa precipice into the bay. 



JShi$pU(m of Ma/una Loa and KUoMea. 107 

oeming that ride of the idand, which I take the liberty to 
transcribe. 

<<For the last 36 hours, our house and all about us haTe 
been trembling, shaking and heaying, as if the very founda^ 
tions were giving way. For ten hours there was a succesrion 
of shakes at intervals of from two to five minutes — ^vibrations, 
roaring and hissing, continuing most of the time, from one 
shock to another. 

"Yesterdajj 
ftll from 

^^ Friday morning (27th^, between 5 and 6 o'clock, we dis- 
covered the greftt mountam to be on fire, with immense col- 
umns and pfllars of smoke; but as yet we are ignorant as to 
the course of the stream. 

^^ Tuesday, April Ist. The shaking of the hill still con- 
tinues. We have not undressed for sleeping since Friday 

Thus &r Mr. Paris. 

On Saturday, the 28th, the lights on the mountain dis- 
appeared on all rides, from Eona to Hilo scarcely a puff of 
steam was seen, and all subaerial volcanic demonstrations 
ceased. All eyes were looking to the hills, and all were inqui- 
ring with amasement, ^^ What has become of the eruption ?" 

Meanwhile the whole island trembled and shook. Day and 
night the throbbing and quaking were nearlv continuous. No 
one attempted to count the sudden jars and prolonged throes, 
so rapid was their succesrion. And even dunng tiie intervals 
between the quakes, the ground and all objects upon it seemed 
to quiver like the surfistce of a boiline pot. The quaking was 
most fearful in Eau, and anxiety ma^ed all thougntful minds. 
The truth was, all the fires of the mountain and of Eilauea 
were sunk in subterranean caverns and chambers, and were 
struggling to force their way down to the ocean. The sea of 
lavas mu^ have been enormous, and it was working, under- 

ftiund, in numerous ducts, under a tract many miles broad, 
he shocks and quiverings continued with different degrees of 
intenrity until Thursday, the 2d inst. 

It was now evident that Eilauea, and the mother mountain, 
Loa, were acting in concert. The fires in the former had be- 
come fearfullv intense, shaking down avalanches of rocks from 
the outer walls, cracldng the earth and bursting into an extinct 
lateral crater, called '^Little Eilauea.'' 

At 4 p. m. on the 2d instant a shock occurred, which was 
absolutely terrific. All over Eau and Hilo, the earth was rent 
in a thousand places, opening cracks and fissures from an inch 
to many feet in width, throwing over stone-walls, prostrating 
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trees, breaking down banks and precipices, demoliahing neaxlT 
all stone churches and dwellings, and filling the people with 
consternation. This shock lasted about three minutes, and 
had it continued three minutes more, with such violence, few 
houses would have been left standing in Hilo or Elan. Fortu- 
nately there was but one stone buuding in Hilo, our prison, 
and that fell immediately. 

As this awful shock died away, the sea rose some six ftet 
above high water mark, and all the dwellings, stores, maohinfl 
shops, etc., near the shore, were in imminent periL At the 
same hour all Elau experienced a much more awnil convulsion. 

Between Kapapala and Keaiva, about twentyndx miles fiom 
Kilauea, the earth suddenly opened, amon^ the foot bills of 
the mountain, a mile or two above the road leading thiouf^ 
Kau, and a mass of earth, stones and mud was thrown up two 
to three miles long, and two to three miles broad, where the 
opening commenced, and one half to three-quarters of a mQe 
broad, at the terminus. This earthy eruption is said to be 
four to fifteen feet deep, and the dissoi^ment was so rapid 
that thirty people, and 2,500 to 2,600 bullocks and horses were 
crushed, and all the houses of the village buried from sight 
The occurrence was on a cattle ranch bdonging to Beed and 
Richardson, and near the sheep and goat rancn of F. S. Ly- 
man, Esq., son of Bev. D. B. Lyman, of Hilo. At the same 
moment, the houses of Beed and Bichardson, of Mr. Lyman, 
and nearly all the native houses in that district, were eliaken 
in pieces. 

Simultaneously with this, there was a submarine disgoige- 
ment of lavas into the sea,^ which caused a tidal wave some 
15 to 20 feet high. This was fienr red, from the enormons 
eruption of igneous matter which broke up under the sea for 
miles along the shore, sweeping away every building on the 
lower grounds for some fifteen miles along the coast. How 
many lives were lost by this influx we have not yet ascertained. 
I have seen fortj;-seven names of the killed in the earthy erup- 
tion, some six miles from the sea, and this influx of the ocean. 
These statistics include only the eastern portion, or less than 
one-fourth part of Kau. We are anxiously waiting for news 
from the central and western portions of the district. Before 
the terrible shock of the 2d. we had heard that the churches 
and many dwellings at Waioninu and onward to Kahuku, were 
in ruins ; but since that event no messenger has come from all 
that region to report. 

It is said that the ^eat earth eruption near Kapapala was 
not heated, and that there was no appearance of fire in the dis- 

* So Mr. LTmaii thinks. 
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gorgements. The whole mass was threwn out of the earth like 
the discharge of a cannon, with a rush of wind and an awfiil roar. 
The whole action was seen by Mr. Bichardson and others on 
the N. E., and by Mr. Lyman and others on the S. W. side of 
the eruption. The premises of both these gentlemen came 
near bemg sallowed up in this upheaval 

For the last twelve days, few probably of the people of Hilo 
and Kavl have put off their clothes for sleeping. Many have 
camped out in the fields, and all have been anxious to secure 
places of comparative safety. 

We still have repeated shocks, which send us out of our 
houses by day and ni^ht, and our house has often jarred and 
quivered since I have been writing these lines. But the shocks 
are less frequent and severe from day to day. 

The sympathy between Kilauea and Mauna Loa has been 
distinctly marked during this eruption. Like the divisions of 
a grand army, all the Plutonic forces of our island have seemed 
to act in concert ; the fires in the mountain and in Kilauea 
rising and felling together, and the great subterranean move- 
ments, and the rush into the sea, being simultaneous. The 
fires of KUauea have been drawn off and the crater has sunk 
doum severed hundred feet^ as in the eruption of 1840. 

For four or five weeks previous to this eruption, we had 
heavy and continuous rains, and a vast amount of water must 
have gone down into the earth, filling the subterranean 
streams and reservoirs, and causing them to overflow. The 
descent of such quantities of water to the rising colunms of 
lava, and the rapid generation of steam, may mtve hastened 
and intensified the catastrophe. 

We give you the facts so far as we are able to do so, leaving 
the phuosophical reasonings and conclusions to our scientific 
friends. 

April 10. Last evening news came in from Waiohinu and 
Kahuku, that all that region was in ruins. The terrors were 
awful. Not an undamaged house left. 67 lives lost by the 
influx of the sea, and no shore village standing. The lavas 
have broken ground in Elau and are flowing to the sea. Our 
shocks still continue at intervals. 

2. Extracts from a letter from Mr. Frederick S. Lymax, dated 
JlilOy April lOth^ 1868, addressed to D. B. Lyman, Esq, of Chi- 
cago. 

. . . . In my last letter from Kau I left oflF writing 
Tuesday evening, the Slst ult. That night from about ten tifi 
two the shaking was almost incessant ; it then subsided. Wed- 
nesday morning about sunrise there was a hard shock, and 
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a^in at 5p. m. there was a serere and protracted earthqnafaL 
with coiudderahle swaying to and fro of the eaiih« Nearly iU 
that night the shaking was yery severe with frequent diocb 
and a rumbling sound from the south, p p o • 

Soon after lour o'clock p. m. on Thursday we experienced 
a most fearful earthquake. First the earth swayed to and fto 
from north to south, then from east to west, then round and 
round, up and down, and finally in every imi^ginable directiaii, 
for several minutes, everything crashing around, and the tieei 
thrashing as if torn by a humcane, and there was a sound aa 
of a mighty rushing wind. It was impossible to stand : we 
had to sit on the ground, bracing with hands and &et to keep 
from being rolled over. While this ajzitation was at its heigjkt 
we saw bursting out, from the top of the blufl^ about a mile 
and a half norm of us, what we supposed to be an immense 
torrent of molten lava, which rushea across the plain bdow, 
apparently bursting up from the ground as it went^ throwing 
rocks high in the air, and swallowing everything in its way ;— - 
trees, houses, cattle, horses, goats and men, all overwhelmed in 
an instant. This devouring current passed over a distance of 
about three miles in as manv minutes, and then ceased. Some 
one called our attention to the ocean, and as soon as the severitf 
of the earthquake had sufficiently subsided, we ran to a phoe 
where we could see the coast. All along the shore from directly 
below our place to Punaluu, a distance of three or four mil 
the sea was boiling and foaming fririously. The waves ca\ 
the shore, and the water was red for at least the eighth of a 
nule from the land. 

With our children and our native servants we went imme- 
diately to Nahala's hill, a short distance west of our house. 
From the hill-top we could overlook the countnr. At Hiiha, 
a short distance farther west, a small stream of black smoking 
lava was oozing from the earth ; and outside of the harbor al 
Punaluu a long black column of lava pushed itself slowly into 
the ocean, and finally disappeared under the waves. We Btood, 
expecting every moment to be swallowed up by the earth, fiir 
there were frequent earthquake shocks, the ground was openiitt 
with numerous fissures, every rock and cra^ that comdftfl 
had fftllen, and there was a continual roar as if the molten lava 
was sur^ng and rushing directly under our feet. • • p 

The villages on the shore were swept away by the great waie 
that rushed upon the land immediately after the earthquaka 
The eruption of earth destroyed thirty-one lives, but the waves 
swallowed a greater number. • » » 

Mr. Bicharason returned to Kavl on Monday, reaching his 
fiurm at Kapapala, Tuesday noon ; but as the earthquakea were 
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very freqnent and very seyere, he remained only two or three 
honrs. While he was campinff , that night, on the great sand- 
plain southwest of Kilauea, the clouds were lifted from the 
mountain, and he saw a ^reat river of lava ponrii^ down its 
Boulliem slope in the vicmity of Waiohinu or Ei£uku, and 
entering the sea near Eaalualu bay. At Elilauea he could see 
nei&er fire nor smoke in the crater. Last evening (Thursday), 
with two other white men and several natives^ he sailed on the 
doop live Yankee, boimd for the coast of ELau, hoping to be 
aUe to rescue all who are still endangered by the Yolcano. 

Since last Saturday evening, the earthquake shocks at this 
plaoe (Hilo) have oeen infirequent and very slight, but the 
mountain sml smokes furiously. I should have mentioned the 
fiict that in tiie morning of the day after the ^reat earthquake 
we could see that there nad been small eruptions of earth in 
the margin of the forest all along the side of the mountain, 
from the high land above Mr. Bicluurdson's house to the hill be- 
hind our house, a distance of four miles or more. The tract 
covered by the great eruption was nearly a mile wide and three 
miles long, forming a bank of moist, clayey soil fifteen or 
twenty feet high, it looks precisely like a great bank of red 
and brown climcers (the aa of the natives). A stream of water 
is now running through it, and fiur below toward the ocean. 

In the earlier letter of Mr. F. S. Lyman, (dated Eau, March 
Slst,) addressed to D. B. Lyman of Cmcago, he writes as 
follows : 

Since we last wrote you we still live in fear and trembling. 
You may have already heard that an eruption broke out on 
Hauna Loa. a littie to the southwest of the summit, about 
six o'clock last Friday morning, the 27th inst., without any 
ferewaming. The fire burst up out of the ground, throwing a 
flprav of rra lava high in the air ; and then a great column of 
smoke rose straight up thousands of feet and arched over to 
the east ; in a few minutes a new let was thrown up a littie 
southeast of the first, with its column of smoke. This was 
soon followed by anomer. and then by a fourth ; and soon the 
red lava began running down the sides of the moimtain in four 
streams, in a southerly and easterly direction. About seven 
o'clock we began to hear a roaring sound which grew louder 
and louder until the air seemed to tremble with the incessant 
roar of the volcano, but finally it subsided and ceased entirely 
about eight o'clock. But before that time the clouds had shut 
down on the moimtain so that we could see nothing more then. 
About noon we began to feel slight earthquakes, and during the 
night they were very frequent, some of the time, every minuto or 
two; though very sUght, they were sufficient to prevent sleep, for 
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almost every jar would rattle the doors and windows. After aim- 
rise Saturday morning (28th) the shocks besan to be harder, 
coming often two together ; they increased in violence until 
between one and two o'clock in tne afternoon, vrkea there oc- 
curred the hardest of all, with three shocks, wnich lasted about 
a minute; the swaying motion was so great that it vtbs hard to 
stand up. The rest of the day the shocks were not veiy 
severe. Saturday morning we could see the smoke, and.tiie flow 
had ap{)arently gone about ten miles due south from the source^ 
but during the oay and part of the night it was coyered with 
clouds. 

Saturday night the shocks were very frequent and quite 
severe ; and the house made such a noise and commotion at 
every shock that we all moved to our native house, or none of 
us would have slept any. The next morning, Sunday, the 
line of smoke had advanced about 15 miles since the mormng 
previous, and seemed to be directly in the line toward CapC 
J^rown's house in Kahuku ; but, w^iat seems singular, no li^ 
had thus far been visible except an occasional show of it at 
the source. Sunday the shakes were less frequent, with some 
hard ones until about 2 p. m. when they neany ceased ; occa- 
sional and slight all that night, and Monday also, and Monday 
night ; but to-day (Tuesday, the 31st), about ten a. m. tboe 
was quite a severe shaking, and at five p. m. a harder one. 

3. Extracts from a letter from H. M. WnrrNBY, editor of the So- 
nolulu Advertiser y dated KedlaJcekuay April \Zthy on the erup^ 
tions near Kehuku, (From the Advertiser.) 

On ascending the ridge just west of and opposite the Mamala 
Pali (precipice) of Kahuku, and which v^as separated from us by 
a valley about one-eighth of a mile wide, the whole scene opened 
before us in one grand panorama. The valley itself was floored 
over with a pavement of fresh pahoehoe lava (solid lava stresm 
having a nearly smooth, though often rippled and wavy sor- 
face) from ten to twenty feet deep, which appears to have been 
the first thrown out, and came firom a crater about ten miles 
up the mountain, which burst out on Tuesdav morning, April 
7th. This crater and stream had ceased flowmg, and ti^e lava 
was rapidly cooling, so that we ventured to stand on it, thouf^ 
at the risk of burning our boots and being choked by the sul- 
phurous gases. On Tuesday afternoon, at 5 o'clock, a new 
crater, several nules lower down, and about two miles directly 
back of Captain Brown's residence, burst out with a heavy 
roar and a frightfril crash. The lava stream conmienced flow- 
ing rapidly down the beautiful plateau, toward and around 
the farm-house, and the inmates had haxdj time to 
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what clothes they had on, before the houses were all surrounded 
and enclosed with streams of fiery aa lava varying from five to 
fifty feet in depth. Fortunately all the inmates escaped safely 
to Waiohinu : but how narrow the escape was, and how rapid 
the stream flowed, may be inferred from the fact that the path 
by which they escaped was covered with lava within ten min- 
utes after they passed over it. 

The new cratier, when visited by Mr. Swain, was at least one 
and a half miles in extent, nearly circular, but constantly en- 
larging its area, by engulphing its sides. While the above 
gentleman was looking at it, a tract of at least five acres in 
extent tumbled in and was swallowed up like food for the de- 
vouring element. The enlargement is going on mainly on the 
lower side, toward the farm-house, and it is thought that its 
diameter is already about two miles. Four huge jets or foun- 
tains were continually being thrown up out of this great crater, 
ever varying in size and height, sometimes apparently all join- 
ing together and making one continuous spouting a mile and 
a half lon^. From the lower side of the crater a stream of 
liquid, rollmg, boiling lava poured out and ran down the plateau, 
then down the side of the pali (following the track of the gov- 
ernment road), then along the foot of the pali or precipice five 
miles to the sea. 

This was the scene that opened before us as we ascended the 
ridge on Friday TlOth). At the left were these four grand foun- 
tains playing witn terrific fury, throwing blood-red lava and huge 
stones, some as large as a house, to a height varying from 500 
to 1,000 feet. The grandeur of this scene, ever changing like 
a moving panorama, no one who has not seen it can realize. 

Then there was the rapid, rolling stream, rushing and tum- 
bling like a swollen river, down the hill, over the precipice and 
down the valley to the sea, surging and roaring like a cataract, 
vrith a fury perfectly indescribable. This river of fire varied 
firom 200 to 800 feet in width, and when it is known that the 
descent was 2,000 feet in five miles, the statement that it ran at 
the rate of ten to twenty-five miles an hour will not be doubted.* 

We waited till nignt, when the scene was a hundred fold 
more grand and vivid. The crimson red of the lava now doubly 
bright, the lurid glare of the red smoke-clouds that over- 
hang the whole, the roaring of the rushing stream, the noise 
of the tumbling rocks thrown out of the crater, the flashes of 
electric lightning, and the sharp quick claps of thunder — alto- 
gether made the scene surpassingly grand. 

* Some corrections are here introduced from Mr. Whitney^s later account in the 
Advertiser of May 9th. — Eds. 
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The eruption lasted five days, it ceasing entirely in the night 
between the 1 1th and 12th. 

Finding it impossible to get over to Waiohinn^ either by 
going up the mountain or by sea, we returned to this place on 
baturday, and hope to go on soon by steamer. 

The number of shocks which occurred at Waiohinu from 
March 29th to April 10th, is estimated by Mr. Silloway to have 
been upward of two thousand, there having been Bome dayi 
between three and four hundred. The heaviest shock oocuned 
on Thursdav, April 2d, being the same that was felt so sensi- 
bly at Honolulu. This destroyed every church and nearly evoy 
dwelling in the whole district. 

From 10 to 12 o'clock of that day, there had been service in 
the large church in Waiohinu, and it was crowded with peopI& 
Only four hours after they left the heavy shock came, the walls 
tumbled in, and the roof fell flat — all tiie work of twenty see- 
onds. At the same instant, every man, woman and child were 
thrown from their feet. Horses and cattle dropped down as if 
dead. A man riding on horseback had his horse tumble under 
him so suddenlv, that he found himself and horse lying flat on 
the CTOund before the thought of an earthquake entered lus 
mind. 

The earth opened all through the district, and in some plaoei 
left dangerous fissures, while in others it closed up again. In 
one place it closed twenty feet from where it opene£ These 
fissures make it dangerous to travel in the dark. Everywhoe 
the roads are broken up, and it will take much money and labor 
to restore them to their old condition. 

As the Kona Packet was passing the south point of the isl- 
and, about three miles from the shore, a corneal island, four 
hundred feet high, rose out of the sea, midway between the 
vessel and the land, emitting a column of steam and smoke. 
The lava river flows into the sea at this island and has extended 
the shore out to it one mile at least, so that it is now on the 
main land. The packet was so near when this island burst up, 
that the mud was spattered on the masts and sails of the vessd. 
Where the lava entered the sea, there were bluish flames emit- 
ted 10 to 20 feet high, besides steam and smoke. 

The scene at the eruption was a most melancholy one to wit- 
ness. There were hundreds of fine cattle grazing around the 
farm-houses, when the lava streams surrounded lliem and 
hemmed them in. The poor animals seemed aware of tfie dan- 
ger, but saw no way to escape. The fiery lava drew nearer and 
nearer, till the heat made them restless, but they would not 
run. They bravely looked the foe in the face, stood firm till it 
reached them, then fell in the stream — a sudden cloud of smoke 
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followed, and not a sign remained. Thus one after another 
fell till over two hundred were consumed. 

An incident which ought not to be omitted is the shower of 
ashes which preceded the eruption. During Monday night (the 
6th), prior to the eruption, the ground throughout the district 
was covered with a coating of fine sand and light pumice stone, 
of a light yellowish color. Where this shower of sand and pum- 
ice stone came from is as yet unknown, but probably from some 
vent hole near the summit crater. 

The tidal wave was much greater than before stated. It 
rolled in over the tops of the cocoanut trees, probably sixty 
feet high, and drove tne floating rubbish, timber, etc., inland a 
distanoe of a quarter of a mile in some places, taJking out 
to sea when it returned, houses, men, women, and almost 
everything movable. The villages Punaluu, Ninole, Kawaa 
and Honuapo were utterly annihilated. 

4. Letter of Dr. Wm. Hillebband, on the Crater of KUauea and 
the eruptions southwest^ published in the Hawaiian Gazette. 

Dr. William Hillebrand visited the crater of Kilauea and 
the scene of the mud flow, and has published a very interesting 
report of his observations, from which the following extracts 
are taken. 

The ground around the crater of Kilauea, particularly on 
the eastern and western sides, is rent by the great number of 
fissures, one near the Puna road more than twelve feet wide 
and very deep. Others of lesser size nm parallel to and cross 
the Kau road so as to render travel on it very dangerous. The 
look-out house is detached from the mainland by a very deep 
crevasse, and stands now on an isolated, overhanging rock, 
which, at the next severe concussion, must tumble into the pit 
below. Many smaller fissures are hidden by grass and bushes, 
forming so many traps for the unwary. Tne Volcano House, 
however, has not suffered, nor is the^ound surrounding it bro- 
ken in the least. From the walls of Kilauea large masses of rock 
have been detached and thrown down. On the west and north- 
west side, where the. fire had been most active before the great 
earthquake of April 2, the falling masses probably have been 
at once melted by the lava and carried off by its stream, for 
the walls there remain as perpendicular as they were before, 
but that this portion of the wall has lost portions of its mass, 
is shown too evidently by the deep crevices along the western 
edge just spoken of, and the partial detachment in many places 
of large prisms of rock. But it is on the east and northeast 
wall particularly, that the character of the crater has under- 
gone a change. Along the descent on the second ledge, large 
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masses of rock, many more than one hundred tons in ireight, 
obstruct the path and form abutments to the stone pillars — 
small buttress hiUs, similar to those observed in front of the high 
basaltic wall in Koolau, Oahu. So also in the deep crater itself, 
the eastern wall has lost much of its perpendicular dip, and 
has become shelving in part. 

The crater itself was entirely devoid of liquid lava ; no incan- 
descence anywhere ; pitchy dcu*kness hovered over the abyss the 
first night. I say the first night, because during the second 
night of our stay, between twelve and one a. m., detonations 
were heard again, and light reappeared for a short time in the 
South Lake. White vapors of steam issued fix)m the floor in 
a hundred places, but of those stifling, sulphurous and add 
gases formerly so overpowering in the neighborhood of the 
lakes and ovens, only the faintest trace was perceived. The heat 
was nowhere so great over the bottom that we could not keep 
our footing for a minute or more, although in many places it 
would forbid the touch of the bare hand. The great South 
Lake is transformed into a vast pit, more than five hundred 
feet deep, the solid eastern wall projecting fiu- over the hollow 
below, while the remaining sides are falling off with a sharp 
inclination, and consist of a confused mass of sharp eta. More 
than two-thirds of the old floor of Kilauea has caved in, and 
sunk from one hundred to three hundred feet below the level 
of the remaining floor. The depression embraces the whole 
western half, and infringes in a semicircular line on a consid- 
erable portion of the other half. It is greatest in the northern 
and rather ^adual and gentle in its southern portion. Enter- 
ing upon the depressed floor from the southern lake, it was 
some time before we became fully aware of its existence. It 
was only on our return from the northwest comer, wh^re it is 
deepest, that there presented itself, through the mist in which 
we were enveloped, a high wall of three hundred feet of gro- 
tesque and fantastic ouuines. At first we were quite bewil- 
dered, fancying that we beheld the great outer wall of the cra- 
ter. On nearer approach, we soon satisfied ourselves that this 
singular wall represented the line of demarcation of a great 
depression in the floor of the crater, a fact that surprised us 
the more, as a bird's eye view from above had altogether fieuled 
to apprise us of its existence. 

As we had been informed that the principal activity of the 
crater before the great earthquake had been in the noriliwest 
comer, we proceeded in that direction on leaving the south 
lake. Having arrived at about the middle of the depresmon, a 
considerable nse in the ground presented itself on our left^ — to 
the west. Having ascended this, we found ourselves at the 
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brink of a fearful chasm, which fell off on our side with a 
beetling wall to the depth of several hundred feet, and extended 
about half a mile from north to south. Very hot air rose from 
it. Around it, toward its northern extremity, the lava is 
thrown up into an indescribable confusion ; pile upon pile of 
aa, fforge and ridge by turns. 

Tne caving in of the floor seemed to be ertill in progression, 
for twice dunng our exploration of the crater our nerves were 
disturbed by a prolonged heavy rumbling and rattling noise, as 
from a distant platoon fire of musketry, coming from the 
northwest comer, o o o o « 

Thus £eit as to what we have seen. Now allow me to relate 
what I learned from Kaina, who has resided near the volcano 
without interruption for the last five months, and whose strong 
nerves sustained him during the fearful catastrophe introduced 
by the earthquake of April 2. He and the Chinaman who 
keeps the house, were the only persons who remained at Ki- 
lauea. He says for two months preceding the first shock, viz : 
from January 20 to March 29 — the crater had been unusually 
active, eight lakes being in constant ebullition and frequently 
overflowing. During iQl this time (the date of its flrst appear- 
ance could not be ascertained exactly) there was in the north* 
west comer a "blow-hole," from which, at regular intervals of 
a minute or less, with a roaring noise, large masses of vapor 
were thrown off, as from a steam engine. This ceased about 
the 17th of March. At the same time the activity of the 
lakes became greatly increased, and Kaina anticipated mischief. 
March 27 the first shock was perceived. Two days later, Mr. 
Fomander found the bottom of the crater overflowed with fresh 
lava and incandescent. 

Thursday, April 2, at a few minutes past four p. m., the great 
earthquake occurred, which caused the ground around Kilauea 
to rock like a ship at sea. At that moment there commenced 
fearful detonations in the crater ; large quantities of lava were 
thrown up to a great height ; portions of the wall tumbled in. 
This extraordinary conmiotion, accompanied with unearthly 
noise and ceaseless swaying of the ground, continued from that 
day tiU Sunday night, April 5, but from the first the fire began 
to recede. On Thursday night it was already confined to the 
regular lakes ; on Saturday night it only remained in the great 
south lake, and on Sunday night there was none at all — Pele 
had left Kilauea. The noises now became weaker and were 
separated by longer intervals. By Tuesday, April 7, quiet 
reigned in Kilauea. On that afternoon the lava burst out at 
a distance of forty miles southwest, in Kahuku. 
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In Kapapala we were told that fire had been seen several 
nights in a southeast direction, and that natives had reported 
flowing lava there. We rode over on the morning of April 20. 
At a distance of five miles fix)m Mr. Beed's dwelling, where the 
Puna road turns off from the Eilauea road, heavy clouds of 
white vapor were seen to issue from the bush, which sparsely 
covered mepcJioehoe south of the road. Half an hour's ride 
brought us up to the place, but we were obliged to leave our 
horses some distance before reaching the spot, on acoount of 
fissures. After having crossed a number of them, heading for 
the heaviest cloud of vapor, we at last came to a deep crevasse 
in the pahoehoe at least twenty-four feet in width, no bottom 
visible. It narrowed and widened out in places^ bat nowhere 
was less than eight feet wide. Its length was estmiated at four 
hundred feet. Parallel with this great crevasse, constituting a 
belt about six hundred feet in width, were a number of smafier 
ones on each side, diminishing in size with distance fix>m it, 
from six feet to a few inches. From the larger openings in the 
former, heavy white columns of hot steam issued, which had a 
decidedly alkaline smell. Smaller jets of vapor, to the number 
of thirty, rose from the smaller fissures. We could not dis- 
cover fire in any place, but it is very probable that during dark 
nights the reflection of the underlying lava should be thrown up ; 
for as the steam did not seem to contain combustible material, 
it is unlikely that the light seen should have been produced by 
it. The mean direction of all the flssures was northeast nine 
degrees north, southwest nine degrees south, or nearly the di- 
rection of a line connecting Kilauea with Waiohinu and Kbt 
huku. The distance of these fissures from Elilauea is thirteen 
miles. 

Since the earthquake of April 2 reached its greatest inten- 
sity in this district, so as even to rend in twain the frame- 
work of a mountain and hurl down on the plain a portion 
of its fiank, it is necessary to give a short description of the 
country in order to insure a proper understanding of the dis- 
turbance. The locality in question is that comprised between 
the ranch station of Messrs. Beed & Bichardson, on the east^ 
and Mr. F. S. Lyman, on the west, a distance of five miles. The 
government road connecting these two places runs through a 
fine grassy plain, which has a very gentle &11 toward the sea, 
its elevation being about two thousand feet. Into this plain pro- 
ject from the slope of Mauna Loa three parallel hills, or spurs, 
each about one imle in length, and from eight hundred to one 
thousand feet in height. They include two broad valleys be- 
tween them. The upper portions of these valleys rise with a 
steep ioclination toward a ridge which runs at right angles with 
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the spoTB^ and is covered with a dense pulu forest, which ex- 
tends fiur up the eentle slope of the dome of Mauna Loa. In 
the second one of these valleys — ^that next to Mr. Lyman's — 
the so-called mud flow took place; but very extensive landslides, 
confined simply to the loose earth and conglomerate, also oc- 
curred in the other valleys. 

The ground around Beed & Bichardson's station is intersect- 
ed by numerous small cracks and fissures, running in every di- 
rection. » » » « The magnitude of the force was such 
as to shake off the face of the ptoi, burjring in a minute thirty- 
one human beings, many hun(u*ed head of cattle, entire flocks 
of goats, and en£ng four miles from it<< 1:)eginning in a mighty 
river of mud. Before reaching this mud flow, from Beed's 
house, we passed two considerable streams of muddy water, 
of a reddish yellow color, emitting a strong odor of clay, 
such as may be perceived in potteries. Both streams have 
their origin in the landslide of the flrst valley. When we 
passed them again, two days later, they had nearly disappeared. 
They evidently owed their origin to the drainage of tne fallen 
mass. The mud flow is met with three miles from Beed's. It 
projects itself from the spurs of the hills two miles down on 
the plain ; begins at once with a thickness of six feet, which, 
toward the middle, where it forms a small hill, rises to thirty 
feet, averages about three-fourths of a mile in width, and con- 
tracts toward its end. From this end a long cue of boulders 
bears witness to the violent action of a torrent which shot out 
of the mud after it was deposited, and which has since perpet- 
uated itself in a stream of^ some size, quite muddy, and emit- 
ting the above mentioned pottery odor, when we saw it first 
on April 20, but perfectlv clear and inodorous when we passed 
it three days later. A little higher up, a koa grove gives still 
stronger evidence to the strength of the propellmg force. The 
trees first seized are snapped off and prostrate, yet the mud in 
that place is only a few feet deep. The mass itself is nothing 
but the loose red soil of the mountain side, with a good sprink- 
ling of round boulders, with here and there stumps of trees, 
ferns, happuu and amaumau and entire lehua trunks. Near 
the lower end, a vigorous, healthy taro plant stood erect in the 
mud, as if it had been planted there. From its sides protru- 
ded portions of the bodies of many cattle and goats, over- 
whelmed in their fiight ; a gain of one second in time might 
have saved them. The surface of the mud in this lower course 
was rather smooth, as if it had been forced down by the agency 
of water, and it was still so soft that the feet sank deep into it. 
After we had flanked it for some distance along the side of the 
hill, the mud became solid enough to bear our weight, and we 
walked upon it to the head of the pali. T\ie awtta^^ ^ro.\\\siJ^^ 
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became more rough ; the boulders increafled, and detached por- 
tions of earth and stone were scattered beyond its borders, 
which also flattened out gradually. The ascent soon became 
steep, and here, on a short spur, just in the middle of the mud, 
stands a native house on an island of grass and taro^ flanked 
by two trees. A poor woman who happened to be in it at the 
time of the outbreak escaped the awful fisite which doomed the 
remaining members of her family, and was removed from her 
perilous situation a few days after, when the crust had become 
solid enough to bear a man's weight. 

As we went on, the mass became more rough and hard, tree 
trunks and boulders increas<ed, even angular rocks appeared, 
until, at last, the mud ceased entirely, and gave place to a sea 
of huge rocks, all angular and exhibiting fi^sh fixtures, large 
trunks of trees crushed between and under them, and stream- 
lets of fresh, clear water, meandering between them. This 
continued for the last three hundred feet of rise, and ended in 
a perpendicular wall of solid rock some twenty roet high, after 
having climbed which, we reposed under the refreshing shade 
of tall fern trees, for we had entered at once the great pulu 
forest. Seated on the trunk of a prostrate tree, we could sur- 
vey the whole field of devastation we had just traversed. Im- 
mediately at our feet the rocky framework of the pali was torn 
up, and its contents turned topsy-turvy in dire contusion. The 
rocky wall we had just climbed continued itself, until it reached 
the sides of the two flanking hills. A perpendicular cut in 
the side of the latter laid open some forty feet of red earth and 
conglomerate. Looking behind us, we saw that the rock we 
were resting on was separated from the mountain by a deep 
crevasse, parallel to the wall and only partly visible, as it ex- 
tended under the dense trees. To our left, a clear, sparkling 
mountain stream leaped in a bouncing cascade over the crag, 
and after losing its course amid the maze of rocks, gatherMl 
itself again, flowing over the solid bed rock in a deep gorge cut 
in the mud. This stream had existed here before, but ere it 
reached half down the pali, became lost in the soil. It can 
easily be imagined what an amount of subsoil water must have 
been deposited here. Bearing this in mind, and the great 
depth of soil and conglomerate on this slope, as indicated by 
the cuts in the hill sides, there seems to be no great difficulty 
to explain how such enormous masses of earth, at first propel- 
led horizontally through the air, hurled down the valley by the 
tremendous force which tore off the side of the mountain, 
should then have been seized by the propelling force of the 
now liberated subsoil water, and carried in a mighty stream fisir 
beyond the place where at first they were deposited. 
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On returning, we concluded to reach and follow the ridge of 
the hiU flanking the stream on our left. Having arrived there, 
we could survey the extent of the landslides on the opposite 
side of the hill, which were considerable. From this place, our 
guide pointed out to us a human figure in the distance, moving 
slowly over the dreary field. It was a husband searching for the 
body of his wife. Our guide himself, poor fellow, mourned 
the loss of a wife, two little boys, and both parents. All slept 
their long sleep under that field of desolation. Following me 
crest of the hill, still covered with grass and wood, we were 
startled by the number of fissures and crevices intersecting it 
in every direction. In some places one was tempted to say, 
that more space was occupied by them than by the solid crust. 

The direction of the sohd rock wall and the crevasse in the for- 
est, is northeast by north to southwest by south, nearly par- 
allel to a line connecting Kilauea with the lava outbreak in 
Kahuku. The stream nmning from the mud-fiow is likely to 
remain permanent, as it is a continuation of the mountain 
stream aoove, and now runs upon exposed solid bed rock. 

All this destruction was the work of the great earthquake of 
April 2. During the five days preceding it, over one thousand 
shocks had been counted. On that afternoon, Mr. Harbottle, 
at Beed's with his men, was driving cattle across the hill to- 
ward Hilo when suddenly the earth shook violently, and a great 
detonation was heard behind them. Horses and cattle turned 
round involuntarily. The whole atmosphere before them was 
red and black. In a very short time this subsided — some say 
in one minute, others in five minutes — ^but a black cloud con- 
tinued to hover over the scene for some time. A native, who 
resided less than half a mile from the scene and who had friends 
living on the hill, found courage enough to run to it, half an 
hour after the occurrence. He thrust ms hand in the mud and 
found it cold. 

From that Thursday to Sunday, the earth constantly rocked 
and swayed, the hills seemed to alternately approach and re- 
cede. Most people became sea-sick. Strange roaring and 
surging noises were heard under the ground. When the ear 
was applied to the earth, it would often receive a distinct im- 
pression, as if a subterranean wave struck against the earth's 
crust. 

Another account states that Dr. Hillebrand had visited the 
scene of the Kahuku eruption, and had found that there was 
there a fissure ten to twenty feet wide, from which the lavas 
issued, instead of a proper crater. 
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5. From the Hawaiian Gazette of AprU 15tA^ on the earth- 
quakes of April 2dy in northern as well as other parts of 
Jffdwaii^ and at the islands of Mauiy Lanai^ and Oahu. 

The whole island was shaken, bat most violentlj alons the 
western, southern and eastern flank of Manna Lo^r the asm- 
age extending from Eealakekua on the west to Mile on the 
northeast. On the northern side of Hawaii, through Hamakna^ 
Kohala and Eopa, the shocks, though frequent, were compar- 
atiyely light, except the one on Thursday afternoon^ bat even 
this, though causing people to run out ot their houses, did no 
dama^ to buildings. The Kohala plantation chimney and 
buildings were not mjured. We believe that the immunity of 
the northern districts is owing to the mountains of Manna &ea^ 
Hualalai. and the Kohala Rai^ which intenrenes between 
them ana Manna Loa. It is believed that the Kohala Moun- 
tains are the oldest formation on the island, the volcanic 
fires having moved southward as successive portions of the 
island were thrown up. 

At Kona the shock of Thursday was terrific. We are again 
indebted to Mr. Williamson for accurate observations of this 
and of the other shocks which visited that district. The vibra- 
tions are described by the residents as continuous for houis at 
a time, the windows and doors rattling with increasing and 
diminishing violence in response to the movements of the earth. 
A few buildings were thrown down, and the sea ebbed and 
flowed, leaving fish stranded on the rocks. The motion of the 
water was equal to about eight feet perpendicular. The people 
of this and the Kau district were made sick by the motion, 
the same as if at sea, with nausea and pains in the stomach 
and loss of sleep at night. 

The great shock of Thursday afternoon, according to a letter 
from Judge Jones of Lahaina in the Hawaiian Gfazette of the 
8th, was felt at that place on Maui and lasted 90 seconds. It 
shook furniture, pictures, and walls, and the sea receded to a 
small extent about 5 p. m. The sea ebbed and flowed several 
times, the intervals between the successive flows 7 or 8 minutes. 
Similar shocks occurred on LanaL 

Still farther from the scene of eruption, on Oahu (150 miles 
from Hawaii) the earthquakes were skght. At 4 p. m. on Thurs- 
day^ the first of them occurred. It was very light, and was 
noticed mostly by those inside of stone buildings. The majority 
of our people were not aware that a tremble had occurred. The 
motion was lateral and quick. The sea, as at Lahaina, was 
observed to recede and fiow, but the disturbance was not great 

On Friday night we were visited again at 12:30^ with anoih^ 
severe shock. The vibration was very perceptible, windows 
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and doors rattled, and many were awaked from their sleep. 
Another lateral snock occurred about 1 o'clock a. m., and two 
others before 3 o'clock. 

The same shocks were noticed at Eaneohe, and one planter 
rushed out to look after his sugar house chimney; no harm came 
to it. Probably these shoc^ of Friday night extended over 
all of this Island. 

[The £Etct that northern Hawaii was much lees shaken by 
earthquakes than southern, the island Maui just northwest 
of Hawaii, feebly so, and Oahu only 150 miles distant, 
much more feebly, indicates that the source of the disturbance 
was situated directly beneath Mauna Loa, and not far (if at all) 
below the level of me part of the ocean's bottom lying within 
the Hawaiian seas, and that therefore it was eminently a local 
phenomenon. 

The submarine rocks of the island, everywhere cavernous or 
somewhat loosely put together as common with volcanic accu- 
mulations, must have 3l cavities filled with water from the 
suberincumbent ocean« Mauna Loa, although nearly 1^000 
feet high, and 3000 square miles in area, has only one or two 
sur&ce streams evermore than three-fourths of tms area. As 
the writer observes in his Geological Beport on the Sandwich 
Islands, the larger part of the moisture that falls annually 
upon the cavernous lavas becomes subterranean. Owing to the 
numerous vertical fractures and dikes that intersect the moun- 
tain to its base (each eruption in its history having been con- 
nected with one or more deep rending of its sides), a portion 
of these waters may descend vertically to great depths, while 
the rest follows subterranean slopes, to emerge along the shores 
or beneath the ocean. (Submarine outlets of fresh water streams 
are common about all the volcanic islands of the Pacific.) It 
is to be noted further that the subterranean water-courses may 
have in some cases considerable size from under-ground 
erosion. 

These facts appear to afford an explanation of the recent vol- 
canic operations. As Bev. Mr. Coan observes, the abundance 
of rain during the preceding months may have been a predis- 
posing cause. The vertical channels of the mountains, filled 
to the brim from the rains, would have brought immense hy- 
drostatic pressure upon the deep-seated water-chambers below. 
The water may thus have been forced deeply into the hot 
rocks ; and there suddenly converted into steam, it caused new 
fissures, with attendant earthquakes, and opened passages to 
hotter fires; thence came vaster rendmgs of the mountain and 
severer shocks, and, as a natural sequence, all that subsequently 
took place. 3 . \i . \^\ 
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SCIENTIFIC INTELLIGENCE. 

I. CHEMISTRY AND PHYSICS, 

1. Ona new mode of forming the organic tutphacids. — Sidph*- 
oetic, isetbionic, methionic, and other organic solphacids give on sul- 
phurous acid when heated with potash, and may therefore be re- 
garded as derived from neutral sulphites by the substitution of 
half the metal by an alcoholic or acid radical. Strbckxb has 
succeeded in effecting this substitution directly in a number eS 
cases. Thus iodid of methyl heated to 150° C. with a solution d 
sulphite of sodium yields methyl-sulphite of sodium: 

€HJ-f.Na3Se3=€H3&e3Na+NaL 

Under the same circumstances, bromid of ethylene and sulphite of 
potassium yield disulphethylenate and bromid of potassium : 

€j,H4Br2+2Kj,SO;,=:€2H4(Se3K)2+2KBr. 

Trichlorhydnn and sulphite of potassium yield chlorid of potas- 
sium and the potassium salt of a new acid, which the author calls 
trisulphoglyceric acid. 

€3H,Cl3+3K^Se3=€3H,(&e3K)+8KCL 

The chlorinated acids behave in a similar manner; thus mono- 
chloracetic acid bv boiling with an alkaline sulphite, yields an al- 
kaline chlorid and sulphacetate : 

€H2Cl€e2K-f.K2&e3=€H2 j I^^K^j-ql 

Under the same conditions the chlorhydrate of oxyd of ethylene 
yields ethionic acid : 

In these reactions either the whole or apart of the chlorine united 
directly to the carbon is replaced by KSO3. By heating chloro- 
form with sulphite of potassium, the author obtained the potassium 
salt of sulphodichloro-methylic acid : 

€HCl3+K2&e3=€HCl2.Se3K+KCl 

The preceding reactions show clearly that the sulphaoids contain 
the'^sidue (wOgK) directly united with the carbon by the sulphur. 
It is probable that the ethyl-sulphurous acids isomeric with the 
preceding contain the same group, but united to the carbon by 
means of oxygen. — Comptes xtenwuSy Ixvi, 637. w. o. 

2. On the transformation of uric CLcid into glycocoU. — Stbeckes 
has found that when uric acid is heated in a sealed tube to 160°- 
170° C. with a concentrated solution of chlorhydric or iodhydric 
acids, it is transformed into glycocoll, carbonic acid and ammonia: 

€,H4N4e3+6H2e=:€2H,Ne2-f3€ea-+-3NH3. 

The author remarks that if hippuric acid be considered as benzoic 
acid conjugated with glycocoll, we may in like manner consider uric 
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acid as a combination of glycocoU and cyanuric acid. The two 
acids characterizing the urinary secretions of the herbivores and the 
carnivores present relations wmch are closer than has been hitherto 
supposed. — Comptea JiendiM^ bcvi, 539. w. g. 

8. On an oxychlorid of silicon, — By' passing the vapor of 
chlorid of silicon through a porcelain tube either empty or filled 
with fragments of feldspar neated to a very high temperature, 
Friedel and Ladenberg have obtained an oxychlorid of silicon as 
a limpid liquid boiling at 136'^-139° C. and having the formula 
SiaOClg. By the action of this liquid upon absolute alcohol the 
hexethylic disilicate, Si20(€2H-O)e, described by Friedel and 
Crafts, is obtained; the analogy between this liquid and the oxy- 
chlorid is shown by the formulas, 

^ jSi(€3H,e)3 r^S^O\ 

^lSi(€,Hlo)3 ^ISiCl' 

The oxyd of silicon-triethyl, O \ fijffj^H*)^* ^ another body i 

which two atoms of silicon are united by one of oxygen. As the 
oxyd of silicon-triethyl may be formed by heating the oxychlorid 
with zinc-ethyl, no reasonable doubt can be entertained as to the true 
constitution of the oxychlorid. The authors call attention to the 
analogy between the oxychlorid of silicon and perchlorinated oxyd 
of methyL 

^ j 9iCl3 r. j €Cl3 

^isiClI ^l€Cl3 

and suggest that the former might be called perchlorinated silico- 
methylic ether or oxyd of trichlorosilicon. — Comptes Mendua^ Ixvi, 
539. w. G. 

4. On a universal method of reducing and saturating organic 
bodies with hydrogen, — ^Bebtuelot has described a simple process 
by which, as he asserts, any organic body whatever may be trans- 
formed into a hydrocarbon containing the same quantity of carbon 
and the maximum of hydrogen, w^cohols, fatty acids, the aro- 
matic bodies, the ethylene series, benzol, naphthaline and anthra- 
cene, the amids and ethylic amines, cyanogen and complex nitro- 
fenous bodies like indigotine and albumine, all take up nydrogen. 
Iven black matters like ulmin, coal, and wood charcoa^ present no 
exceptions to the general rule. 

Tlie reagent which Berthelot employs is iodhydric acid in aque- 
ous solution of density 2. The organic body is heated to 275 C. 
in a sealed tube for ten hours with a large excess of the acid, the 
excess of the latter over the calculated quantity being greater in 
proportion as the organic substance is poor in hydrogen. The re- 
mai^able reducing power of the iodohydric acid under the circum- 
stances depends upon the fact that the acid is resolved at 275° into 
iodine and hydrogen. The special results of the investigation are 
as follows : 

Part Ist. Series of fatty substances proper. 
L Carburets of hydrogen. 
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(1). Sth^lenio oarbnreta C^bH^h. These oarlmrets are ftnit 
converted into iodohydric ethers and then into hydnurets. lliiis 
for ethylene C^H^ we have 

C^H^+HIzzC^H J and C^H J+HIzrC^He+I,. 

So that the total reaction is CoBH.|i+2^=CsBB^aB+s+^f 

(2.^ Acetylenic carburets. C^nHLa^s* These are first converted 
into lodohydrates and then into hydrorets. Thus for acetylene we 
have 

C4H,+2HI=C4H,(2HI) and C^Rsti^BI^-^-iEhz^O^H^+I^. 

(3.) Formenes (marsh gas series) CjibH^b^}* Theae bodies 
being saturated undergo no change. 

U. Alcohols. 
The alcohols vield first iodids and then formenes. Thus for 
common alcohol and glycerine we have 

C^HeO^+gfflzsC^He+Ia+H^Oa 

CeHeOe+6HI=CeHe+3l2+8HaO, 

m. Ethers. IV. Aldehyds. V. Acids. 
For these substances the author quotes the results obtained in % 
former investigation. Various iodids, chlorids and bromids gave 
the corresponcung hydrurets. The same was the case for the alde- 
hyds and acetones. The monobasic fatty acids are changed into 
hydrurets by the substitution of hydrogen for an equal amount of 
oxygen. Thus acetic acid C^H. O^ becomes C^H,. This reaction 
permits us to pass from anyiormene €90^20 +« to its superior 
homologue C2n+2Han-t4« l^hus hydruret of ethylene 04H4(H|) 
heated with chlorine gives chlorhydric ether C^U^jfHCl)^ whicn, 
with cyanid of j>ota88ium, gives cyanid of ethyl, C4H^(CaHN). 
This last gives with alkalies propionic acid, CqH^O^, which i^;am 
with iodhydric acid yields hydruret of propylene C^H,. Cyanid 
of ethyl, heated directly with iodhydric acia gives hydruret of pro- 
pyl directly, the reaction being 

The bibasic acids C^ n H^ q^. ^ O g are also changed into hydrurets, pro- 
vided that they can be heated to 275^ in contact with the hvdradd. 
Thus succinic acid yields hydruret of butylene, CgH.Q. As Simp- 
son has shown that succinic acid may be prepared m>m ethylene 
through cyanid of glycol, we have a process for the methodical 
transiormation of the carburets CanHan and CgnHan+g into 

VL Alkalies. 
Methylamine and ethylamine are converted respectively into 
marsh gas and hydruret of ethylene : 

C2H2(NH3)+H2=C2H2(H,). 

C.H^ (NH,) +H2=C,H4 (H2) + NH3. 

This gives a new method of resolving the organic alkalies into am- 
monia and the generating hydrocarbons, and Berthelot believes 
that it will prove of extensive application in the study of the nat- 
ural alkaloias. 
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Part 2d. Aromatic series. 

L BencoL 

The action of the hydracid in this case depends upon its density 

and the quantity employed. Benzol heated to 280 for 24 hours 

witib 80 tmies its weight of a solution of iodhydric acid saturated 

in the cold is almost completely converted into hydrid of hexylene : 

0,,H,+4H,=C,3H,4 or C,aHe+8HI=C,aH,4+4la. 

A trace of hydrid of propylene is formed at the same time : 

C,aHe+6H3,z=2CeH,. 

When one part of benzol is heated to 280^ 0. with 15-20 parts of 
the hydracid, this reaction is different and is represented by the 
equation : 

CiaHe+8HI=:CeH8+8C,H+l3. 

The chlorinated derivatives of benzol yield with the hydracid ben- 
zol, which in its turn with a large excess of the acid gives hydrid 
of hexylene. 

Phenol in like manner reproduces benzol with a small quantity 
of the hydracid, and hydria of propylene with a larger quantity. 
U. Toluol series. 

Toluol when heated with an excess of tibe hydracid is completely 
converted into hydrid of heptylene : 

Ci4H8+4Ha=Ci4Hie. 
But the total reaction is expressed by the equation 

0,^He+12HI=C,4H,e+2H2+6la. 

With a smaller quantity of the hydracid toluol yields carbon and 
hydrid of propylene ; 

C,,H,+2HI=CeH,+4C,+H^H-l2. 
Benzoic acid heated with 80 parts of a saturated solution of iod- 
hydric acid yields a mixture of the hydrids of hexylene and hep- 
tylene. The latter is the normal product, the first being formed 
m>m the benzolproduced by the spontaneous decomposition of the 
benzoic acid. Tne formation of hydrid of heptylene is represented 
by the equation : 

C„H,0,+7Ha=C„H„+2H,0,. 

With a less (quantity of hydracid benzoic acid yields benzol and 
toluol, of which the latter only represents the normal reaction. 

Oil of bitter almonds with iodhydric acid yields toluol and war 
ter with small quantities of benzol and xylol, the formation of 
which the author leaves unexplained. 
8. Cumol, xylol and cymoL 

Gumol (from coal tar) heated with the hydracid yields hydrid of 
nonylene : 

Ci8Hia+4Ha=:Ci^H2o. 

With a less quantity of the hydracid hydrid of propylene is formed : 

C 1 sH , 2+6HI=2CeH8 +3C^+H3 -f 81,. 

Xylol in like manner appears to yield hydrid of acetylene C ^ ^H | g. 

Cymol (from coal tar) yields hydrid of decylene : 
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C2oHj4+^H2=C2oHag. 

in. Azotized bodies. 

1. Alkaloids. 

MethylamiDe, &c. Treated with iodhydrio acid methylamine is 
resolved into marsh gas and ammonia : 

CaH,N+H3=C,H,+NH3. 

Ethylamine under the same circumstances yields hydrid of ethy- 
lene and ammonia : 

C,H,N+Ha=C,He+NH3. 

Aniline yields benzol and ammonia; toluidine with an excess of 
hydracid yields hydrid of heptylene : 

C , ,H3N+12HI=C , ,H , ,+NH3+H3 +61,. 

Methyl-aniline yields ammonia, formene and hydrid of hexyl^e: 

Ethyl-aniline yields ammonia, hydrid of ethylene and hydrid of 
hezylene. Amyl-aniliue yields the hydrids of amylene and hezy- 
lene and ammonia. 

2. Amids. 

Acetamid heated with iodhydrio acid yields hydrid of eUiylene, 
ammonia and water : 

C^H,N0,+3H3=C,He+NH,+H,03. 

Propionitril, C^H^N, yields hydrid of propylene and ammonia: 

CeH,N+8H,=C3H3+NH3. 

8. Cyanogen compounds. 
Cyanogen heated with iodhydrio acid yields hydrid of ethylene 
and ammonia : 

C,Na+6H,=C,H3+2NH3. 

This reaction enables us to effect the complete synthesis of hydrid 
of ethylene from the elements. When cyanid of potassium and iod- 
hydrio acid are heated together, a gas is obtained consisting of 
equal volumes of carbonic oxyd and hydrogen. In this case theie 
are two reactions, represented by the equations : 

CaHN+2H302=C3H304=NH3 ; 

C2H20^=:C202-T-H202. 

When gaseous iodhydrio acid is heated with cyanid of meroory, 
the reaction is expressed by the equation : 

C2HN+8H2=C2H4+NH3. 

This reaction gives a new synthesis of marsh gas. 
rV. Complex nitrogenized bodies. 
To show the extent of the applications of the new method, Ber^ 
thelot has studied the action of iodhydrio acid upon indigotine 
and albumine. Crystallized indigotine yields ammonia and a mix- 
ture of the hydrids of octylene and heptylene. The author re- 
gards the former as normal, the reaction bemg : 

C,3H,N02+9H2=C,3H,3-fNH3.fH20,. 
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The hydrid of heptylene results from a debomposition expressed 
by the equation : 

C,eH,NOa+10H^=C,^H,e+CaH^+NH3+HaO3. 

Albumine heated with 86 times its weight oi the hydracid solu- 
tion yields anmionia, liquid hydrocarbons of the formene series, a 
little sulphydric acid and a very large volume of hydrogen. The 
hydrocarbons begin to boil at 70° C. and rise to a very high tem- 
perature. The author has not examined them in detail. — Bull, 
memud de la Societe Chimique de PaHs^ Jan.^ Fev.^ Mar By 1868. 

w. G. 

5. Carbonylic Sulphid — ^Bbbtqblot has repeated the experi- 
menta of Than upon carbonylic sulphid, an abstract of which 
appeared in the March number of this Journal, and says *' je suis 
heureux d'en confirmer la parfaite exactitude." He gives in addi- 
tion, some new and important observations of his own. He finds 
that potassio hydrate in aqueous solution absorbs cartK>nyliQ sulphid 
gas with a rapidity notably greater than it absorbs the vapor of 
carbonic disulphid, mixed with air or any other inert gas ; although 
in both cases the absorption proceeds quite slowl]^. 

Liquid bromine and concentrated sulphuric acid act similarly 
upon both sulphids. Potassic hydrate, moistened with alcohol, 
absorbs both very rapidly. Absolute alcohol and liq]pi|^^ydi6r 
carbons dissolve them both with facility. Ammonia, }i<mi^ver, 
either gaseous or in solution, is the best reagent for distinguishing 
these two bodies from each other. While the vapor of carbonic 
disulphid reacts only very slowly upon liquid ammonia, carbonylic 
sulphid gas is absorbed immediately, llie vapor of €^2 mixed 
with air, may remain many hours m contact with ammonia gas, 
without any notable action ; €OS on the contrary, being mixed 
with dry anmionia gas, forms immediately a beautiful crystalline 
compound which is deposited upon the walls of the containing ves- 
sel The formation of this body is gradual and requires some 
hours for completion. It results from the union of two volumes 
anmionia gas and one volume of carbonylic sulphid gas, thus : — 

€eS+(NH3)2=^^^^^ i S, ammonic sulpho-carbamate. The- 
ory foresees two remarkable reactions for this substance: 1st, one 
molecule of water being removed, ammonic sulphocyanate is left : — 

2nd, if one molecule of hydric sulphid be removed, ammonic cy- 
anate (or perhaps urea) is produced : — 

Berthelot has succeeded in effecting both these reactions. The 
first is easily accomplished by heating the aqueous solution of am- 
monic sulpho-carbamate to 100° C, in a sealed tube. The second 
succeeds when an aqueous solution of the salt is nmivt^^ii^^ ^x. ^ 
Am. Jour. Scl— Sbcojtd Sebim, Vol. XLVI, No. 186. — 3\3i,xA^6&, 
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very gentle heat, in contact with plumbic carbooata Flnmbio 
sulphid is rapidly formed; and the kqoid, when deprived of the 
excess of lead by H^S and evaporated on the water-oath, leaves a 
residae which, on bemg extracted with absolute alocAol, gives cm 
evaporation a substance possessing all' the propertieB of nreai— 
BuU. Soc. Ch.y n, ix, 6, Jan. 1868. a v. & 

6. Teat for naphthalin. — ^Vohl has published the followira leso- 
tion, which he says furnishes an exceedingly delicate test rar the 
presence of naphthalin. When this substance is treated with con- 
centrated nitnc acid^ and the mixture diluted with oonaiderabk 
water, a precipitate is produced, which, after being waahed, fint 
with water ana then with dilute alcohol (1 part 90 pr. ot. alcohol 
and 8 water), is placed in a watch-glass with a few drops of potas- 
sic hydrate and potassic sulphid, and evaporated to diyness on the 
water-bath« On moistening the residue with alcohol, a magnifi- 
cent red-violet color is at once developed.— JIj?r. CA., di, 29, Sept 
1867. • O. ». BL 

7. A Manual of Inorganic Chemistry^ arranged to /hciUlak 
the Experimented Demonstration of the Fhcts <md I^rmcipUt of 
the Science; byOHABLBs W. Eliot, Professor of Analytical Chem- 
istry and Metallurgy, and Fbank H. Stores, Professor of Genenl 
and Industrial Chemistry in the Massachusetts Institute of Tedh 
nology. Second revised edition. New York, 1868. Ivison, FUoi- 
ney,^lakeman & Co. — In a previous number of this Jofumal we 
took occasion to notice the Ist edition of this book. The good 
opinion then formed from an examination of a portion of the advance 
sheets has been confirmed and heightened by its use in the dan 
room and laboratory during two academic terms of the SheflBdd 
Scientific School. From no inconsiderable experience we draw 
the conclusion that chemistry, when taught in the recitation or 
lecture room merely, is very fascinating to a few and ezoeedingly 
unprofitable to the many. The reason of this is obvious. Chem- 
istry has been and still is a science in which the disproportion be- 
tween principles and facts is great beyond any parallel, and whst 
makes the matter worse is, that the facts are for the most part with- 
out logical relations and elude the ordinary grasp of mental wmo- 
ciutions. 

When the learner finds before him an enumeration of the prcnw- 
ties of oxygen, to the effect that it is a gas, colorless, tastaesi, 
odorless, of such a density, such refiractive power, such specific heat, 
such radiating power, such solubility, magnetic properties, a wof- 
porter of combustion, he has a lesson that may be memorized like a 
list of words which govern the ablative, but he shortly oomes to lose 
his relish for such mental aliment, especially as no academic tradi- 
tions exalt this branch of drilling beyond all other means of disei- 
pline, and no venerable authority pronounces it indispensable to id 
education, or rewards its acquisition with a certificate of Master of 
Arts. We sympathize heartily with the student who fidls to be 
satisfied with this mode of learning chemistry, and cannot look 
complacently on the pedagogue who stuffs his victims like a Stitt- 
honrg povlterer until their hypertrophied memories will contain no 
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more. There is, to be sure, no royal road to learning, but there is a 
least diffionlt and tolerable way, and this is well worth looking 
after, in these days, when there is so much to acquire. We have 
never known a class of forty young men to be not merelv so satis- 
fied with the study of chemistry, but so eager for it, as tnat which 
has lately finished a course in £liot and Storer's Manual, spending 
each week two hours in the recitation room and an equal time in 
the laboratory. The book is not a reduction of some standard 
treatise executed to order for a publisher's "series," but is the work 
of accomplished chemists and successful teachers. As a iudicious 
selection and presentation of facts, the book is highly satisfactory. 
Its crowning feature, however, is its instructions for experimenting. 
There have not been lacking attempts in the same direction, but 
here for the first time, we have a sufficient series of experiments, 

S6d) all of which can be made by any student with a trifling out- 
y tor apparatus and materials, and a small expenditure of time, 
and all of which are reasonably certain of turning successfully, and 
instructively, by reason of the ap{)roDriate minuteness with which 
the conditions of success are detailecL 

As regards the development of " modem" theories, not much 
has been attempted and in our opinion this is welL The " modem" 
atomic weights are employed. The laws and consequences of com- 
bination by volume, molecular formula and quantivalenoe are clearly 
discussed from a conservative yet appreciative point of view. The 
authors rightly hold that a wide oasis of &cU and established 
principles must be laid as a foundation before any eminence in 
either practical or theoretical chemistry can be thought of. We 
heartily commend this book to all teachers and students of chem- 
istry as the best we are acquainted with for really learning the 
elements of the science. s. w. j. 

B, On a mode of extracting the metals Molybdenum and Chro- 
mium; by J. Eneu LouGHLiN, M.D. (C!ommunicated for this 
JoumaL)— Molybdenum was first prepared by Hjelm in the year 
1Y82. His method consisted in heatmg the trioxyd of molyb- 
denum in a porcelain crucible for 2 or 8 hours, Several otner 
methods have since been used, prominent among them bein^ that 
of heating the acid molybdate of potassium ; also the reduction of 
molybdate of ammonium by heat, or the reduction of trioxyd of 
molybdenum by carbonate of soda. Molybdenum is described 
as a silver-white metal, not altered by contact with air at ordinary 
temperature. Sp. gr. 8*5; not attacked by chlorohydric acid or 
dilate sulphuric acid. Strong sulphuric and nitric acid on the con- 
trary act very powerfully upon it with evolution of sulphurous acid 
and hyponitric acid. Havmg had occasion during June, 1867, to 
use some molybdenum, I tried the methods above stated; they were 
all very satis&ctory as regards the yield of pure metal, but the 
time was rather lon^. I then had recourse to the reducing action 
of cyanid of potassium. Molybdic acid was prepared and tested 
according to Fresenius, page 179 and 180, Quautative Analysis. 
The result being satisfactory as regarded the purity of the molyb- 
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die acid, 10 grftins of molybdic aoid thus prepared were mixed 
with 15 grs. of cyanid of [lotassiam placed in a porcelain eradbk, 
which porcelain crucible with the lia luted was placed in another 
crucible, then surrounded by powdered animal charcoal and exposed 
to a white heat for 12 minutes. At that time the omcibles were 
removed, allowed to cool, and examined ; the porcelain cracible was 
found lined with a brilliant silver-white metal of a sp. gr. 8*56, 
which was not attacked by chlorhydric acid, but violently attacked 
by nitric acid with evolution of hyponitric acid fumes ; it reduced 
oxvd of mercury and oxyd of silver when triturated with these 
substances. An analysis of this showed it to consist of — 

Molybdenum, 98'7 

Impurities SiO 2, C, 1*3 

100-0 

By the same process, using sesquioxyd of chromium in place of 
molybdic acid, chromium was obtained possessing^ a sp. gr. 6*2. 
The best results were procured by using a reducing mixture of 
cyanid of potassium and animal charcoal. 

n. MIKEBALOOT AND GSOLOOT. 

1. A System of Mifieralogy: Descriptive MinercUoay eampri^ 
ing the moat recent discoveries; bj Jambs Dwigbt 1)aha, offir 
man Professor of Greology and Mmeralogy in Yale College, et&, 
aided by Gbobge Jarvis Bbush, Professor of MineralcMzy and 
Metallurgv in the Sheffield Scientific School of Tale College: 
Fiflh edition, rewritten and illustrated with upward of six hnndrad 
wood cuts, xlviii and 828 pp., 8vo. New York, 1868* (John 
Wiley & Son, No. 2, Clinton Place. $10 in oloth.|— Miner- 
alogy is a erowing science, as is very evident from the bibb of the 
volume berore us. Instead of the 530 pages of the last edition of 
the work. Descriptive Mineralogy here covers 825 pages, exdnsive 
of an introductory chapter of near 40 pages. Moreover the peige 
of the letter press is large enough nearly for a quarto (4^ inches 
across) exceeoing in area by a fifth that of the last edition. Ai 
three-fourths of the volume is in small type and the analyses and 
chemical formulse and other parts are presented with the greatest 
possible condensation and brevity, the covers contain mateiiil 
enough to make four or five ordinary octavo volumes. 

The author opens his preface with several reasons for the large 
size of the work, alluding first to the 14 years that have elapsed 
since the last edition appeared, and the chaujges and progress of 
the science in that time ; then to the introduction in this emtionof 
some new features — namely, systematic and detailed descriptions of 
varitties of species ; a historical synonymy in place of a mere list of 
names ; chemical formulas on the neio system of chenuatry in adr 
dition to those on the old; fuller as well as completely reyised blow- 
pipe characters ; — to which might be added 250 more wood cata 

In the historical synonymy, as the preface states, ^he fifst aa^r 
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and first place of publication of a species, and of each name it has 
borne, and of the names of all its varieties, are stated in chrono- 
logicfld order, with the dates of all publications cited ; and besides, 
remarks are added in the text when the subject is one of special 
interest. The author further observes that ^' the firsts and conclu- 
sions have been derived in almost all cases from the study of the 
original works themselves, and the treatise has thereby become to 
some extent, a work on ancient as well as modem mineralogy.'' 
The historical inquiries here alluded to ''were prompted by a desire 
to place the nomenclature of mineralogy on a permanent basis ; they 
were incident to a search after a reason for choosing one name 
rather than another from among the number that stand as claim- 
ants,'' in order thereby to escape the increasing confusion in names 
by applying '' the methods which has proved so successful in the 
oUier natural sciences, viz : the recognition, under proper restric- 
tions, of the law of priority." 

The classification of the species is in system similar to«that of 
the preceding edition, the pro^ss of chemistry and the kindred 
species not only requiring, in the author's view, no modification of 
its general plan, but instead giving it new support. Tet in the 
minor detaus, the changes made are numerous and important. 

The Introductory Chapter supplies such tables and simple infor- 
mation on chemistry and orystailography as were needed to make 
the volume convenient of use, even for those not familiar with these 
sciences. Tables of atomic weights are here included, both accor- 
ding to the new and old system ; and also multiples of the oxygen 
percentages by the nine digits, to facilitate calculations. The vol- 
ume is thereby complete in itself independently of the first part, 
which we understand will be early issued as a separate work. The 
introduction contains also sections on nomenclature in which the 
history and true principles of mineralogical nomenclature are dis- 
cussed at length; a Bibliography giving a long catalogue of books 
consolted, and showing that the work is an authority on historical 

anestions connected with the science ; and an annotated index to 
lie useful metals and metallic ores. 

Hie title page, as above cited, bears the name of Prof. Brush, and 
the author acknowledges his important aid as follows in the preface. 
^^In the preparation of this volume, the author owes much to the 
cooperation of his fidend. Prof. George J. Brush. Prof. Brush 
has had sole charge of the blowpipe department. The pyrognostic 
characters have been entirely rewritten by him ; and while he has 
had the works of Plattner and von Eobell always at hand, he 
has, for much the larger part of the species, made personal trials 
of the reactions before writing them out ; so that, although the 
&cts stated are not generally new, they still are mostly from his 
own observations. His skill also in analytical chemistry, and his 
thorough knowledge of minerals, have enabled him to remove 
doubts, afford aid and advice, and furnish new facts on various 
points throughout the progress of the work. Prof. Brush has also 

S'ven the proofs, while the work was in the press^ the b^xisfix ^^ 
s revision." 
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Speaking of the enlargement of the work and the changes it had 
unc^rgone, F^£ Dana observes that ^'not a page and scarcely a 
paragraph of the preceding edition remains untutored, and fnll five- 
sixths of the volume have been printed from manitscript copy f 
and he adds that, ^'notwithstanding the impaired state of his healtlk, 
this manuscript — the paragraphs on the pyro^ostio characters 
excepted — was almost solely in his own hand writing, or in Aatof 
a copyist firom it, '* neither the consultation of original aathoritieSi 
the arawing of conclusions, nor the putting of Uie results on paper, 
having been delegated to another." 

The preface closes with the announcement (as a sequel to the 
statement that the work had been posted up, as fiir as was possible, 
to the date of publication) that " a series of Supplements may be 
looked for, from time to time, in the American Journal of Sdenca" 
It is to be hoped that the publishers will have an editioii of these 
Supplements as they are issued struck ofT, that they may be aoees- 
sible to all who have copies of the mineralosr. 

2. TTie Mining and MetdSktrgy of QcM and Sihfer : by J. 
Akthub Phillips, Mining Engineer. London, E. & J. K. Sdod, 
48 Charing Cross, 1867. Svo, pp. 632. — This treatise of Mr. nil- 
lips supphes a want long felt in the literature of the mining and 
metallurgy of the precious metals. The author has emoyecl un- 
usual advantages for the task he has taken in hand, and has pro- 
duced a volume which contains a great amount of valuable waf- 
mation, and exhibits fairly the present state of knowledge, both 
theoretical and practical, relating to the subjects discussed. He 
first describes the principal gold and silver-producing districti, 
accompanied by sucn statistical information as could be obtabed 
respecting their yield and importance; and follows this within 
account of the methods employed for extracting ores, and lastly 
with a description of the apparatus and method nutde use of m 
their mechamcal and metallurgical treatment 

The author states ^' that recent observations and experience ap- 
pear to lead to three important conclusions. First, that the most 
productive ^old bearing rocks are by no means exclusively ccwfined 
to the Silurian period ; secondly, XhsX aqueous agencies have been, 
and still are, ac^vely at work in the formation of mineral deposits; 
and, thirdly, that gold ledges are not more liable than oi^naiy 
metalliferous veins to become impoverished in depth.** 

The account of gold nuning embraces several important topes 
not before discussed in a competent manner in any systematic woKk, 
accessible to English readers. This is especially true of the pecu- 
liarly American svstem of hydraulic washing, now of n^i S^ 
importance in California and Australia, and likely to remain for 
generations a steady industr]^, proportioned in importance to tbe 
great extent of the deep-lyin^ placers. The account of vein 
mining is accompanied by a full aescription of the best approved 
methods adopted in the most prosperous mines both in Califo^ 
nia, Braadl and Australia, accompanied with detailed drawings 
and plates. A particularly interesting account of the Mono Vdbo 
mines (commomj called San Jtxaxl d'ElRey^j and of the methods of 
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treatment of its ores is giyen in the chapters on South America 
(Vth and Xth chapters). These mines are of special metallurgical 
interest as well from the peculiar character and great amount of 
the ore operated on, as for the methods of extracting the gold 
adopted, the carefulness of the management beine such that the 
whine data needed to present a complete exhibit of au the operations 
of mining and metallurgy are collated and eidiibited in the most 
precise form.* 

The ore treated at Morro Veiho mines is chiefly a mixture of 
magnetic, arsenical and common iron pyrites, freely disseminated 
in a quartsose gangue. Calcite, dolomite, brown spar, and, very 
rarely^ copper pyrites are present in the vein. The composition of 
wliat IS called *^ pure ore" may be taken at about 43 per cent silica, 
and 51 per cent pyritous matter. Of these minerals, arsenical 
pyrites is usually the most aturiferous, although it does not occur 
m large quantities. Pure specimens of this substance afford, by 
assay, from four to six ounces of gold per ton, and wherever crystals 
of unB mineral make their appearance the yield of the precious 
metal is lar^e. Cubical pyrites is of more frequent occurrence, but 
is fiur less ndb in gold, yielding at best but about an ounce and a 
half of gold per ton by assay. Magnetic pyrites, the most abundant 
snlphid, is very slightly auriferous, pure specimens yielding but 
about four dwt. per ton. Branches of clay slate are often found in 
the principal vems, and this rock, under such circumstances, com- 
monly affords, by assay, from five to seven and a half dwt. of gold 
per ton. Quartz without any admixture of sulphids has never 
Deen found to be auriferous in these veins, and it is a remarkable 
fiMSt, stated on the authority of Hr. Hockin, managing director of 
the Company, that the smallest speck of gold is rardy seen, pre- 
vious to concentration, in any of tne ores from this mine. In some 
parte the vein is cavernous, and less close in its texture than in 
others ; but where drusy cavities are frequent, the yield of gold 
diminishes ; the most productive matrix for gold is a compact mix- 
ture of quartz and pyrites with varying quantities of slate. The 
gjesX metalliferous aeposit called the Cachoeira, Bahu, and Quebra 
Panella, is one continuous, very irregular vein, varying in width 
from seven to seventy feet, and at one point reaching one hundred 
feet. The average thic^ess at the present depth 176 &thoms 
(1056 feet) perpendicular on the Cachoeira and 166 fathoms on the 
Bahu, is 10 feet ; the sloping space extends over 807 square fath- 
oms. The enclosing rock is a clay slate of tolerably uniform texture. 
The mineral is brought to the surface on tram ways placed on the 
slope of the vein, about 45"^, in tubs (*' kibbles") containing about 
a ton each. The ore is freed by hand from unproductive s&te and 
is then reduced to fine powder by wet stamping. All the machin- 
ery is moved by water power. The pulverised ore, issuing from 
the stamp coffers through finely perforated copper grates, passes 
over bullock skins and then lower down over woolen cloths (blan- 

* The last accounts which have reached us are information of the ahnost 
lotal destruction of these remarkable mines bj a disastrous fire, rendering actiye 
operationi impossible for a long time to come. 
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kets) placed on inclined tables. The skins are washed out in vats 
every nour and the blankets at longer intervals. No mercury is 
used in the batteries under the stamps, amalgamation being restric- 
ted to the concentrated sands from the skins, <fea, which are subse- 
quently treated in barrels. 

The following table shows the quantity of rock raised and 
stamped, the amounts of gold produced, and annual net profits made 
since 1848. This company employs upward of 2,400 nands, 6om 
120 to ISO of whom are Europeans. The number of stampheads at 
work, is 136 for reducing the ore in the first instance and 66 for re- 
stamping residual sand with auartz and slate ; arrastres are also 
used for repulverising the residual sand with good effect. 



Ybabs. 



Stone raised, tons. 
Stone <& ore stamped, tons, 
Gold produced, lbs. Troy, 

Net profits, £ stg. 



1849. 



67,886 

60,004 

2,588 



88,186 



1850. 



67,106 

64,813 

2,517 



85,880 



1851. 



1852. 



79,810182,642185, 
81,62981,28686,866 
8,057 



8,826 



51,586155,891 



1858. 



,698 

^866 

8,628 



1854. 



1855. 



86,048|87,297T89, 
86,48886.848187, 
8,464 



8,825 



49,278144,740184,406128,888 



1858. 1857. 




86,407 
,434184,895 

a,ws| 2^ 

787 



Teabs. 



Stone raised, tons, 
Stone & ore stomped, tons. 
Gold produced, lbs. Troy, 

Net profit, £ stg. 



185a 

88,901 

87,270 

2,738 

8,545 



1859. 

88,968 

83,880 

3,294 

88,058 



1860. 

91,861 

74,628 

3,974 

60,460 



1861. 

96,612 

71,902 

5,051 

96,769 



1862. 

90,896 

67,508 

5,182 

87,531 



1868. 

84,758 

65,697 

4,718 

63,285 



1864. 

66,485 

62,147 

2,852 



ISOSk 

78,80 

50,607 

4,158 

8Q,4» 



* Loss, £14,629. 

This amount of work was done by 135 stamps striking an average 
of 55*84 blows per minute (the stamp when new weiffhing wm 
the lifters, &c„, 640 lbs.), for 356*27 days per year, orushing 167*65 
tons of stuff per day, or 2,683 lbs. per day per head. 

The total value of the precious metals extracted 

to close of 1866 has been £2,903,480 

The total quantitv of mineral raised 1,769,060 took 

The average yield of ore 4*833 oitavas 

per ton, or as nearly as possible, half au ounce Troy, value about 
32^. 6d.* The ores have on the whole been poor, but the yield tol- 
erably uniform. If the labor had been paid for at California rates 
of wages the result would have been disastrous. The use of water 
power and cheap native labor have made the adventure extremely 
satisfactory. The yield for 1866 exceeded £100,000 net profit. 

The details of the processes developed at these extensive mines 
and mills are of the greatest practical value to all persons engaged 
in like operations, but are out of place here. A few general results 
alone must suffice. 

Of 1000 parts of ore stamped at Monro Velho, the relative pro- 
portions of slimes and fine sand are found to be thus : 

Passing a sieve of 10,000 holes per square inch, 88 to 95 per ct 

Not passing a sieve of 2,600 holes, " " 0*28 " 0*60 per oi 
The stamping is thus seen to be extremelv fine. 

The auriferous material issuing from the stamping mills is asso- 
ciated with gold in three different states, viz : 

* An oitaTft is 2 dwt 7-848 grains Troy, or 8*67426 oltevas — 1 os. Troy. 
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let. Free gold capable of concentration by washing. 

2nd. Free gold in a lamellar form liable to be carried off by 
sospension in water. 

dd. Mechanically combined, sold enclosed in particles of pyrites, 
but capable of being liberated by farther grindmg. 

The system of concentration adopted at Monro Yelho mines, is 
extremely simple, cheap and economical, consisting of a series of 
inclined tables or boards 18 inches in width, falling about one inch 
in a foot, and covered with bullock skins tanned with the hair on, 
for about 30 feet and followed by other inclines covered by baize 
or blankets. These inclined sluices are called strokes. The follow- 
ing table gives many important details relating to this system as 
employed at Monro V elho mines : — 



<N«m« of 
Stenyi* 


No. of 
HMdi. 


No. of 
■tnkM 


Le^th 
«ti»kM 


■trmkefc 


ATM of 

■timka^ 
tqnYeft 


SqnYeft 
p«rton 
(if or* 

gkunp'd. 


Tom ore 
paatinf 

hOOZB. 


No. of 
■Una 

oa 
■trakM 


No. of 
teixM 

on 
•trakM 


sandfpr 
day. 


Lyon, 

Ooteaw'rth 
SosazmalL 
Horriiig,.. 
Powles, .. 
AddiBOQ, . 


30 

12 

9 

24 
36 
24 


36 
13 
8 
29 
42 
30 


ft. Id. 
31 10 

30 6 
27 
35 
33 7 

31 10 


ft. In. 
1 6 

1 H 
1 6 
1 6 
1 3i 
1 5 


1,719 
545 
324 
1,232 
1,821 
1,352 


46-83 
32-21 
29-61 
35-64 
27-55 
38-04 


36-73 
16-92 
10-94 
34-56 
66-10 
35-54 


288 
104 
48 
228 
336 
240 


210 
66 
48 
174 
252 
170 


oub.ft. 
20-00 
5-50 
2-75 
18-00 
28-47 
1700 




136 


158 






6,993 




200-79 


1244 


910 


91-72 



By this system, about 67 per cent of the gold originally present 
in the ore is obtained in a hiffhl^ concentrated state, whilst 83 per 
cent which escapes is in two mstmct forms : Ist, light firee gold ; 2d, 
gold enclosed in coarser particles of pyrites. 

The first which has been laminated to a great extent by the ac- 
tion of the stamps, exposes too ereat an amount of surface in pro- 
portion to its weight to be saved by any known method and floats 
off with the slimes. Its quantity is believed to be about 10 ner 
cent of the original amoimt of gold in the ore. The second is nne 
gold entangled in pyrites the liu-ger part of which is saved by re- 
grinding and by a subsequent system of strakes. 

The system of amalgamation of the concentrated ores at Monro 
Yelho is described in detail with careful drawings. It depends es- 
sentially on the use of revolving barrels containing 16 cubic feet, or 
one and a hdf tons of wet sand, with 60 lbs. mercury and a sufficient 
quantity of clean water to give the necessary degree of fluidity to 
enable the globlules of quicksilver formed to become properly in- 
corporated without causing them to become sufficiently mobile to 
admit of the settling of the mercury and amalgam at the bottom. 
The barrels are then caused to revolve from 30 to 36 hours, when 
their contents are discharged into a washing apparatus to separate 
the slimes firoin the quicksilver and amalgam, a process which 
cannot be well explained without a diagram. Tlie loss of mercury 
in this process on an average of the last three years has been 2*923 
oz. per ton of ore stamped. The average cost of extracting the 
mineral from the mine and its reduction, including every expense 
of general management, etc., for the last ten years has been 25s. ^er 
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ton ; out of which the ooet of Btsmpisg alone haa been 2s, lOd. per 
ton. The average valne of the ores stamped is determmed bj as- 
says of samples of pulp from the batteries; this last is on the aothor- 
hy of Mr. Attwooa to the writer, and is not quoted fnan our antboi. 
The aoooont of the Anstralian gold mines oontuna mnoh vah^ 
able infonnatdon not elsewhere aooeeaible in a oompaot or oomieetod 
(oTm, bat OUT space limits oar extracts to the foUoiriiwintereslxi^ 
tabnlar exhibit of the approximate yield, and in IbsTTroy itf the 
principal gold-producing oountriee at the oommenoMnent of the 
present centary, and for the years 1850, 1800 and IMS. Tbeteton 
for California and the neighboring States and territories fi>r 1861, 
u probably somewhat under the tmth, since it is exoeedingly difli- 
cult to obt^ the precise jielde of Idaho, Montana, Colnrado ind 
some other outlying distncts. After each absolute enm is giT^n, 
its relative wei^t, in oomparison with the grand total, proawed 
throoghoot the world : — 



iui.d»«wvp' 


oadmaU 


pr.*.^ 


m^aepri,cipoleMJMdi<fllumM 




IBOO. 


1850. 


1860. 


1665. 






lUUo 




BMi 


,R>I1« 




BiA 




Ita. tnr 


p.r ,«.U 


lta.tror 


tttat- 

19-0 


66,000 


11.3 


Ibttroir. 

C9,eoo 




KoosiAU BnipiTfl, 




21 


6G.eoo 


Tal 


Austrian Bmpire, ) 






6,eoo 


1-6 


6,G00 


10 


6,500 


i-o 


and rest of Eu- J. 


3,B00 


6'6 














rope, ) 






100 




350 




S7B 




SoutheroA^ 


10,000 


las 


35.000 


"{■3 


3B,300 


"ii 


36,000 


"ii 


AWca, 


600 


la 


4,000 


11 


4,000 


0'7 


4,000 


0-7 


Chilfi 


7,600 


13-8 














BolivU. 


1,600 


30 














Peril, 


3,400 


44 














NewOranada, 


13,600 


33 4 f • 


34,000 


B'0 


34,000 


88 


34,000 


Gl 


Bradl, 


10,000 
















Mexico, 


4,300 


80j 
































borioe States and V 
Territoriaa, ) 






SOS, 000 


eo-3 


187,000 


31'9 


310,000 


87-t 
















Best of United 8t't«B, 






3,SS0 


o-s 


1,020 


o.a 


140 


















8,073 




BiiCUh Columbia, 






-.,.. 




ao.hoo 


"si 


11,800 


SI 


AuBtralia, 
New Zealand, 










311,600 


37 


156,000 


17-9 






340,360 


100 


85,000 
585,000 


4-3 
100 


41,400 
659.587 


7'4 




G3,g40 


100 


iOO 



The portion of Mr. Phillips's book devoted to silver o£fera prob- 
ablv more matter which is new to English readers than the part 
we nave already considered, although as regards the methoos of 
metallurgical treatment its aim is sunply to present a fair exhila- 
tion of the existing state of the arts therewith connected. Tbe 
chapters devoted to the silver regions of Xevada and the new me- 
chanical methods of treatment of ores which the ezperienoeeof the 
mines on the Comstock lode have evoked, will be read by all inter- 
ested in such subjects, with satis&otion and instruction. We most 

* The Tisldi of t^etto lereral State* varies coDiiderablj from yaw to JMI, but 
the aggregate prodnoe is believed to remain tolerably oonstant. 
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r another notice what ire hare to say on this branch of 
the sabject. 

The following table ofFere an interesting compaiieon with that 
already quoted reepecting the product of gold. It gives the ap- 
proximate yield in pounds troy, of the principal silver-producing 
conntriefl of the vorld, at the commencement of the present oen- 
tory, and for the years 18fi0 and 1865. In cases where the retnmB 
for the year indicated could not be obtained, the produoe for the 
nearest year for which they conld be obtained has been substituted. 
Hie qnoted produce of the various European countriee and of the 
TTnited States of America may be taken in each instance as a suffi- 
cient approximation, but the figures relating to Mexico, Central 
America and South America, must be regarded as estimates only. 
A large proportion of the precious metals produced in these coun- 
tries u annually exported without passing through the hands of 
government officers, and consequently the most reliable information 
Uiat can be procured is but little to be depended on. No ays- 
tematio investizatione have been made in Mexico by competent 
penona, since me date of the writings of Duport and Chevalier. 





1800. 


1950. 


1865. 






R>U« 




K*t1<i 


Tsn: 








ftHmr. 


per 01, 


lbi.iror. 




EuBBifto Empire, 


68,150 


2-B 


60,000 


^T 


S8,0D0 


IB 








20,100 




lD,000 


0-4 


Great Britain, 






43,500 


17 


60,500 


1-6 


Hartz, 








I'l 




0-6 


PniHsia, 






21,200 


0-7 


68,000 


1-7 


Bwonj, 






63,600 


2-2 


80,000 


2-0 


Other GsnnaD States, 


UI,000 


flO 


2.B00 


01 


2,B00 




A>»tri^^ 






81,000 


31 


92,000 


32 


Pranoe, 






5,000 


02 


18,000 


0-4 


Italy, 










• 26,000 


O'S 


Spain, 






iVb'ooo 


i'4" 


110,000 


28 


Anstralia, N«w Zealand, 














BritiBh Columbia, Nova 






10,000 


0-4 


8,500 


0'3 


Sootia, 












Chili, 


18,300 


O'B I 238,000 


B-4 


299,000 


7-3 


Bobvifl, 


211,300 


11-6 


130,000 


4-6 


136,000 


3-3 


Pern, 


401,860 


17-a 


303,160 


10-7 


289,000 


7-4 


NswQranada, 


B,000 


0-2 


13,000 


0-6 


15,000 


0-4 


BtmU, 


1,200 




■6J6 




1,500 


0-4 


Heiico, 


1,440,500 


ei-1 


1,600,000 


6b'4 


1,700,000 


42 '3 


United Stotea, 






n,400 


-Tm! 


1,000,000 


26-0 


Total. 


2.n:-i7.:!ivj 


~iw) 


i.^iiAib 


j.on.ono 


100 



We cannot close this notice without thanking Mr. Phillips for the 
Tery able mumer in which he has performed the task he has under- 
taken, and for bringing together in so readable and well designed 
Ti information of permanent value upon the subjects 



a form, BO much ii 

of which he treats. The book is'^autifully prim 
the only regret being that these very eioefleDc: 
beyond the reach of a large class of readers. 



of which he treats. The book is beautifully printed and illustrated, 
tlleDcieB should place it 



• Obtained from the ialand of Sflrdinia, whereit istoundaBa'iABSM.^'^BiKO^ 
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3. New GeologiccU Mape and Chart. — ^Pro£ Jamxs Hixx is 
eiizaged upon a geologies^ Map of the United States, which he 
imorms us, will be essentially a continuation of the large map of 
the Canadian Survey, soon to be published. The Northern States 
will in fact be printed from the same plates, and the portions 
south and west will be continued by Prof Hall on the same scala 

We understand also that Prof O. C. Marsh, of Yale College, 
has in preparation a pocket geological map of die United States, 
designed ror general use among students of geoloey. This map 
is intended to be a companion to Dana's Manual or Geology, and 
it will be issued by the same publishers. 

A Geological Atlas of North America is also in course of pre- 
paration under the direction of Prof. C. H. Hitohoook, of New 
York. It will contain a series of maps of the different States and 
Territories^ as well as of the British Provinces, and will soon be 
published m New York. 

Prof A Winchell, of Ann Arbor, has, moreover, in progprees a 
Geological Chart, designed to illustrate the more pronunent fiicts 
of geology, which will doubtless prove of great value to teachers 
and students of the science. 

4. New horaJte from Mine HXd^ Franldiny Sussex Co.j New Jer- 
sey — Sussexite: by G. J. Brush. — A new asbestiform borate has 
been found at Franklin, which I propose to describe in the next 
number of this Journal The specimens were obtained at the local- 
ity by Mr. Wm. G. Mixter, of the Sheffield Laboratory. 

m. BOTANT AND ZOOLOOT. 

1. The Variation of Animals and Plants under Domesticor 
Hon; by Charles Darwin, M. A, F.R.S., &o, American edition. 
2 vols. 1868. (Orange Judd & Co., New York).— In his " Origin of 
Species" the author promised to give us some of the details of th« 
changes produced in animals and plants by Man's selection, and 
this promise is redeemed in the work before us. The first volume 
is devoted to a consideration of breeds and varieties of various 
domestic animals and plants ; the second relates to the variability 
of species in nature, the inheritance, crossing, hybridism, methodi<»u 
selection, <fec., the whole concluding with certain hypotheses and 
speculations. 

The first volume will perhaps be most prized by naturalists, as it 
treats mostly of unquestioned facts concerning varieties, their char 
acteristics, history, <fea, but so arranged that they continually sug- 
gest and support the author's theory. 

The second volume, it seems to us, will be most valued by 
practical breeders of animals and cultivators of plants, men whose 

Srofessions have made them familiar with the class of fsLCtB reco^ 
ed in the first. We will not at this time consider the author's 
well known views respecting species, and their origin, as the 
hypotheses and speculations referred to can hardly be discussed, or 
even explained, within the narrow limits oi the present notice. At 
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present we restrict our attention to some observations recorded 
in the first yolume. 

Naturalists have generally assumed that the different breeds of 
domestic cattle constitute but one species ; and the same of dogs, 
horses, sheep, &c., while practical breeders of each have as gener- 
ally assumea the contrary. The author after a careftd consideration 
of the facts, concludes that cattle, dogs and hogs are each derived 
from more than one wild species ; but that horses, rabbits, pigeons, 
fowls, &C., have each descended from but one parent species. The 
evidences given in &vor of these views are rather historical than 
in anything indicated by the characteristics of the breeds them- 
selves ; for there is a greater difference between extreme breeds of 
pigeons than those of cattle, and the difference between the different 
Dreeds of horses, is greater '^ than between the six or seven other 
living species of the ^enus .Eauus.^^ 

We are led to in^ that he believes that sheep also have not 
descended from a single species. It is certain that by far the 
majority of successftd sheep-breeders are of this opinion; and 
after stating the views of various authors upon this subject, 
some of whom believe that all the breeds are derived from a few 
original species, and others from many, he adds, ^' under i9uch a 
hopeless state of doubt it would be useless for my purpose to give 
a aetailed account of the several breeds." We re^t that he did 
not consider the variation of some breeds within Known periods. 
The histories of English breeds furnish ample materials. Ijie hon- 
est and careftil observer, who will record the experience of American 
sheep breeders within the last eighty years, will do a great service 
in our Natural History. The changes that have been effected step 
by step, in the improvement of the '^ Infantado" merinos in late 
years, the changes wrought in the Saxon and other breeds a few 
years ago, the effects of transplanting well marked breeds from the 
nills of the extreme Northern States to the plains of Texas and 
California, are not only subjects of immense practical importance 
to our industry, but also embrace a class of facts which ought not 
to be lost to science. Mr. Darwin treats at some length of domes- 
tic rabbits, agreeing vdth other naturalists, that they are all de- 
scended from the wild rabbit of Europe. We are all familiar with 
the remarkable difference between the breeds, some being four or 
five times as large as others ; in color, habit and disposition, they 
are not less diverse. Mr. Darwin finds corresponding changes in 
the bony and nervous system. Paleontologists would consiaer the 
skulls of the different breeds to indicate well marked species, if 
they were found fossil. In the hall* lop-eared breeds the skull has 
a lateral curvature ; in most breeds the capacity of the brain cavity 
has decreased relatively to the size of the animal or to the length 
of the skulL He gives a curious table of measurements illustra- 
ting this. In one breed this decrease is 23 per cent, considered rel- 
atively to the weight of the animal, and 54 per cent relatively to the 
length of the skml. He says, " I found on comparing the skulls of 
ten species of hares in the British Museum, that they differed from 
each other chiefiy in the very same points in whieVi do\xvc,^\AC.T^iXJts>X'9» 
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vary, — ^namely, in general proportions, in the form and size of the 
supraorbital plates, in the lorm of the free end of the malar bone, 
and in the line of suture separating the occipital and frontal bones.'' 
Other parts of the skeleton show equal variation. 

The varieties of domestic pigeons are described in detail; but 
any abstract of these chapters would be unsatis&ctory. They con- 
stitute an important part of the volume, and must be read entire. 

Besides mammals and birds, a few fishes and insects are consid- 
ered. If the statements of bee-keepers in this conntry can be 
credited, they have attained a much greater succees in oreeding 
to points, than is here claimed for European experts. 

Mr. Darwin's theories have perhaps oeen more kindly received 
by botanists than zoologists, and yet we find in the work before hb^ 
(as in his '^ Origin of Species.") much more space devoted to the 
variations of animals than of plants, in &ct, but a fourth of this 
volume is devoted to the latter. Perhaps, like the shrewd lawyer, 
he elaborates his argument most where it is most wanted. Doubt- 
less the facts relating to the geographical distribution of plants 
have had great weight with botamsts; but it is equally tme that 
plants vary much more than animals ; whether these vanations are 
more remarkable or not, they are certainly no* less striking. 

We are reasonably certain what wild species were the parents 
of most of our domestic animals, and also of birds. " There is in 
fact, only one kind of domesticated bird, namely, the Chinese go<{ee 
or AnMr eygnoides^ of which the parent form is said to be still 
unknown or extinct." Far different is it with plants. The original 
wild forms of many have either become extinct, or their cultivated 
progeny have varied so widely that it is no longer possible to re- 
cognize their parentage. In 1855, DeOandoUe gave a list dk 
157 of the most usefm cultivated plants. Of these he belicTes 
that 85 are almost certainly known m their wild state, but on this 
head other competent judges entertain ^eat doubts. Of 40 of 
them, he admits that the origin is doubtml, and 32 are ranked as 
quite unknown in their aboriginal condition. This is a large pro- 
portion. One fifth are admitted to be of unknown origin, and 
nearly one half doubtfiU. This list does not include ornamental 
plants, nor many usefiil varieties which present ill defined characters. 

We cannot notice variations of plants further than of certain 
cucurbitaceous species, which have been so extensively investigated 
by Mr. Naudin, who considers Ct^tirbita pepo to be the most 
variable plant in the world. " The fruit of one variety exceeds in 
volume tnat of another by more than two thousand fold," and the 
other variations are as remarkable. Some varieties are slender 
vines, others erect, some with tendrils and others without, lliere 
is not an important organ that has not undergone great variations 
in some one or another of the varieties, and to describe all iJiese 
variations would require a large volume, and yet, each of these 
modified forms is reasonably permanent in cultivation. Melons and 
cucumbers vary nearly as much. Concerning these variations, 
Mr. Darwin pertinently quotes Mr. Naudin's remark, that **this ex- 
traordinary production of races and varieties by a single species, 
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and their permanenoe when not interfered with by crossing, are 
phenomena well calculated to cause reflection." 

Apropos to this family we notice an unaccountable mistake on 
p. 430, where, as on the correi^nding page in the English edition, 
the water-melon is said to be CjucurbUa moschcUa ! ^Hiis entails a 
misunderstanding^ on p. 432, where the C. moschata spoken of is 
the squash to which tnat name belongs, and perhaps also on the 
following page, where the ''endless varieties of the melon" 
(meaning of course musk-melon, Cticumis Mdo) are referred to. 
If we riffhtly remember, an erratum in the first Bbglish edition 
corrected this wrong name of CucurbUa moschcUa into CitruUus 
vulgaris^ the proper name of the water-melon ; but it seems to 
have been overlooKed in the reprinting on both sides of the water. 

This ''authorised" American edition is from the second English 
edition, containing the corrections and additions in that, together 
with some new corrections by the author. It has a preface by the 
author, and an introductory note by Pro£ A. Gray. It is reason- 
ably well printed, and furnished at less than hair the cost of the 
English eoition. w. h. b. 

2. A second orUical notice of Alcyonaria in the Museum of 
Yale College^ etc. ; by A. E. yEBHiLL.---^ince the publication of the 
" critical remarks" in the last number, the writer nas had opportu- 
nities for the reexamination of several additional species, including 
some in the Collection of the Essex Institute, Salem, Mass., the 
Boston Society of Natural History, and the Museum of Comparative 
Zoolosy. Some of the more important points noted are here pre- 
sentecL Echinogorgia sp. ; = Antipathes flabellum Esper (non 
Pallas). A species belongmg to this genus, obtained by Uapt. W. 
H. A. JE^ltnam at Singapore, and received from the Essex Institute, 
is reticulated in a manner precisely similar to Paramuricea cancel' 
lata v., from which it can scarcely be distinguished by the axis 
alone, tmless by its somewhat darker color. It agrees exactly with 
Esper's Antipathes flabeUum (Tab. I), which is more likely to be 
this species tnan the former. Specimens of an Echinogorgia from 
Ceylon (?) referred to E. furfuracea (Esper sp.) approach these 
spedmens and may be the same species. The supposed Ceylon 
spedmens are accompanied by two other species of Echinogorgia, 
One is E, sasappo KolL, the other is an apparently undescribed 
species, with rather thick dichotomous branches and large, slightly 
raised verrucso, and having lar^e and very rough spicula. 

JPlexaura friabilis (Lamx. ?) Verrill, Froc. Essex Inst., iv, p. 
186. This s pe cies has very peculiar spicula, quite different from 
those of any W est Indian species. They resemble most the spicula 
of some species of PlexaureUa^ and thi s sp ecies will have to be 
referred either to that or a new genus. "Wnether it be really the 
species described by Lamooroux is still somewhat uncertain, but 
to me this, rather than any West Indian form, seems most likely to 
be his species. 

Plexaura turgida Verrill, Bulletin M. C. Z. (?Ehrenberg sp.) 
This proves, on microscopic examination of the spicula^ to be «. 
true Fkxaura^ and not, as previously sup^sed, \!dL<^ii\A&^ ^^^n^ 
FtexaureUa crassa KdlL 
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Among the fonuoLe for the relations of two places in the orbit 
those for the chord of an elliptic or hyperpolio arc in terms of the 
extreme radii yectoreSy and of the time of describing the sector, 
are especially worthy of attention. The methods derlYed there- 
from lor correcting elliptic orbits of great eccentricity must be 
usefnl to the computer. 

The seventh chapter contains an elementary presentation of the 
method of least squares, and a very fall explanati&n of the best 
methods and corresponding formnlie for applying it in the cor- 
rection of the elements of orbits, nnder the various ciroomstanoes 
likely to occur in practice. 

The final chapter of 130 pages consists of an investif^ation of 
the various formulaB for computing the special pertorbutionB of a 
heavenly body, and has douotless required more labor from the 
author tnan any other portion of the volume. Four methods are 
given of computing perturbations according as we oomdder the 
elements or the coordinates to vary. Special cases of cometB follow, 
in particular that in which the comet may be regarded as moving 
about the common center of gravity of the sun and the distarlnng 
planet, and that in which it comes very near to the planets The 
effect of a resisting medium in space and the methods of computing 
it, close the chapter. 

In almost all parts of the volume, but especially in the eariier 
portions, the author is travelling over beaten Pftths, yet in every 
chapter there are new formulse and methods, xhe preparation of 
such a work would be impossible by one who has not Deen long 
familiar with the computation of orbits. For its original matter 
as well as for the elegance of its methods and formuUe it cannot 
fail to be for a long time a standard work in Astronomy. It is a 
high honor to American Astronomical Science to have produced 
two such works as those of Chauvenet and Watson. h. ▲. h. 

2. Astronomical and Meteorological Observations made at the 
United States Naval Observatory durtjig tlie year 1865. By the 
authority of the Secretary of the Navy, Rear Adm. 0. H. Davis, 
U. S. N., Superintendent. Washington, 1867, 4to, pp. xU, 47, 29 
and 550. — ^Together with the Astronomical observations made 
during the year by the several instruments, there are given the re- 
sulting right ascensions and declinations reduced to 1870, along 
with a general catalogue of the 2787 stars observed. The meteor- 
ological observations were made every three hours, and with diem 
are given the mean monthly and annual results. Two very valua- 
ble appendices are included in the volume. The first is a description 
of the new transit circle and its adjuncts, with the methods for ob- 
taining their errors, and the application of these methods to this 
instrument. The second is an investigation of the distance of the 
sun, and of the elements which depend upon it, by Prof New- 
comb. This consists of a discussion of about 300 observations of 
Mars in 1862 at places in the northern and southern hemispherea 
The result is 8"'856di'020 for the value of the solar parallax. 
Combining this result with other accredited determinations of 
this important constant he obtains 8"*848±*018, corresponding to 
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a mean distance of 92,380,000 statute miles. From this results the 
value d26800±lS60 for the mass of the sum, (taking the mass of 
the earth as unity) and l-r-(81'44db0*33) for ike mass of the moon. 
The resultii^velocity of light would be 185,600 miles per second. 

8. SmaU Planets. — ^A small planet @ was discovered oy Dr. Lu- 
ther at Bilk on the 2dd of November. He has given it the name 
Arethusck Another planet @ was discovered by Mr. Goggia at 
Longchamp-Marseilles, on the I7th of Feb. On the same niffht 
Mr. Temp^ at Marseilles, added another to the list, @, Clotho. He 
requests discoverers of the next two planets to accept for them the 
names Lachesis and Atropos^ tiiat the three sister ParcsB may to- 
gether complete the first hundred (?) minor planets. 

Upon the announcement in the Academy of Sciences at Paris 
by Mr. LeYerrier, of the discovery of the planet ® , exception was 
again, taken by Mr. Delaunav to the re{)rehensible practice of with- 
holdinfir the names of the suDordinates in the government observa- 
tories by whom discoveries of planets and comets are mada He 
added Uiat the discoverer of planet ® , Aegina, was Mr. Borelly. 
The scientific world will sustam Mr. Delaunay, probably without 
a dissenting voice. 

Pro£ Watson has given to the two planets discovered by him 
the names, Minerva for ®, and Aurora for ®* 

V. mSOBLLANBOnS SOISNTIFIO INTSLLIOSNCB. 

1. Pe^oUMim Wells in Mexico. (From a letter addressed to 
Smithsonian Institute by Bsnj. Gbowthbb, Es^., and communica- 
ted to this Journal by Pro£ Henry. — ^Proceedmg down the river 
Toxpan in the direction of its mouth emptying mto the Gulf of 
Mexico, and when within a mile and a half of the same, we entered 
the mouth of the Lagun Tampamachoco situated on the north side 
of Tuxpan river. From thence we steered our course generally in 
a north-northwest direction and landed at a point on the west bank 
of the Li^un, the whole distance travelled being about 20 miles 
from the town of Tuxpan. There is a very short water conmiu- 
nication between this Laguna and the Rio Tampico upon which 
stands the city of that name. 

A Mexican friend and guide landed at the point just named and 
proceeded to explore the best route by which to conduct us to the 
wells. He returned in about an hour, brinraig a handfrdl of thick 
black tar, of the consistence of putty. He reported the path to 
be over land everywhere swampy, and advised us not to attempt to 
nroceed, as we would be able to reach the locality only by wading 
Dare-footed through marshes with very slippery bottom and beset 
with prickly and stubble undergrowth. Sut concluding to finish 
the aaventure, our boots, shoes, £c., were left in the canoe, and with 
pants knee high we followed our guide in a northwest dii^ion for 
nearly two miles. When within three-fourths of a mile of the 
wells, the Bwr&uoe of the jzround was found to be covered with a 
continuous cracked scab of bitumen, having beneath it an ash col- 
ored soapy clay soil, upon which it was difficult to «X^\i^ ot ^^12^ 
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Arrived at the wells, we found the princiDal one to oover about 
fifteen feet in circumference, enclosing a olack and brown tarry 
mass and babbling up in the center at intervala. A stick thrust 
into the crust of tar cusappeared out of sight About 150 yards in a 
northeast Erection another well was found very similar in all res- 
pects ; also another about 200 yards westerly from the first, and 
finally two others in a northeast direction, all of them bearmg a 
general resemblance, and probably fed by the same sabterraneiii 
source. Contiguous to the five openings here enumerated, two 
others were descried at no great distance. We concluded that not 
far below the surface of the ground and below the bed of the Lagan 
and extending into the gulf^ (here about 6 miles distant) there ex- 
ists a great petroleum deposit. The substance is called Chapapole 
by the Mexicans, and is used for pavine the bottoms of canals. aiMl 
painting sea-going vessels. In the GvSof Tampico the petroieom 
or coal oil tar boUs up in the middle of the Lagun, and large oakes 
of this substance in its inspissated form are floated ashore near 
Oalveston and the coast of Texas. 

2. American Association ^ar the Advancement of Science. — Hie 
next meeting of the Association will be held at Chicago, dorinff 
the week commencing on Wednesday, Aug. 5, 1868, at 10 o'dpix 
A. M. A large and interesting meeting is expected. Arrangemenfts 
have been made with the railroad companies, by which retom 
tickets will be furnished free to those who attend the meeting. 

Members, and those who wish to become members, are requested, 
on their arrival in Chicago, to register their names at the offices of 
the Local Committee, Parlors Nos. 8 and 4, Sherman House, where 



they will be furnished with all information which may be desired, 
in regard to accommodations, etc. J. Toung Scammon is Chair 
man, and William Stimpson^Secretary of the Local Committee. 

3. British Association, — ^The British Association holds its next 
meeting at Norwich, commencing Aug. 19. Joseph Dalton Hocket 
will preside. 

OBfTUABT. 

Anton Rosing. — ^Anton Rosmo, of ChristianiiL was bom in 
1827. A sketch of his life has Just been published in the Norsk 
Landmandshog for 1868 by P. C. Asbj5msen, well known in Eng- 
lish literature through translations of his Norse Tales, and to Ame^ 
ican Naturalists through the citations of Mr. Marsh. 

Rosing studied in Copenhagen with Oersted, and was afterward 
for several years chemical manaeer of the j^as works at Christiania, 
and editor of the Polytechnic Journal of that city. In 1850 he 
was appointed by the Norwegian Government to a new chair of 
^ricultural Chemistry, with uberty to travel during several yean. 
He crossed at once to Germany and studied there assiduously ts 
well as in several Parisian lal>oratories. 

As a scientific investigator. Rosing has done good work, and he 

has also written largely. Those who have known him well, however, 

will remember him less for these things than for the high aims he 

cherished, and for his remarkable power of influencing his fellow men. 

Qf Rosing it may be said that, though an earnest student, his great 
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fond of information and his proficiency in all things pertaining to 
chemistry seemed to be less intimately connected with laborious 
stud^ thian with his cordial sympathy for the labors (f others, 
his Inndliness and liberal views which endeared him to a multitude 
of chemists. He was a welcome guest in every laboratory, and a 
leading spirit wherever his lot was cast. As a speaker, he was 
singularly eloquent, while he showed with many of nis countrjrmen 
that power over forei^ tongues which sets Baoel at defiance. 

In Paris, a poor foreign student, supported by no patronage either 
of University, church or science, — ^nis influence was felt to a re- 
markable degree. One of the founders of the Chemical Society of 
that city and its first President, to Rosing more than to any other 
man is doubtless to be attributed the tone and character of the 
earlier publications of this most distinguished Society. In that 
distant future when cosmopolitan joumaUsm shall have become an 
aocomplished fiEust, the Hipertoire de Chimiepure et appliquSe will 
be remembered as a bold, and, all things considered, a remarkably 
successful attempt to associate, in a purely scientific enterprise, the 
men of many lands. Tom by internal dissensions, of tne home 
management in which, let it here be said, the foreign collaborators 
had happily no part, the Repertoire was merged, after five or six 
years, m the existing ^^BuUetin^ of the Society, and the distinctive 
cosmopolitan character which Rosing had imparted to it was lost. 
As is well known, the BnUetin is still conducted with ereat ability, 
and takes rank as the best among chemical journals ; but there are 
chemists not a few, and the Midacteur en chef is of them, who 
lament the day when its now purely Gallic style and savor was 
tempered, if not improved, by an inmsion of outer barbarism. 

from Paris, Bosias passed into England and Scotland, studying 
chemistry and agricuUure, in the interests of his chair, until stricken 
with palsy in 1859. He died at Christiania on the 29th of March, 
1867. 

Few chemists, — ^no matter how highly placed, — ^have succeeded 
in exerting a stronger personal influence, or in attaching to them- 
selves so large a circle of intimate and devoted friends. Not only 
in the Scandinavian capitals, in St. Petersburg, and in many a 
German town, but in Paris, Edinburgh, Vienna, Parlermo, Milan 
and in more than one American city, the memory of Rosing will be 
cherished, and his untimely death deplored. f. a. 

Prof JuLiUB Plugksr, the physicist, of Bonn, recently died, 
aged sixty-seven years. 

Dr. Chablbs Grafton Pagb, well known to all readers of this 
Journal as an original investigator in electro-magnetism, died in 
Washington, D. C., May 6, 1868, aged 66 years. A notice of his 
life will appear in another number of this JoumaL 

VI. MISOELLANEOUS BIBLIOOBAPHT. 

1. A Treaiiae on Meteorology ; with a collection of Meteorolog- 
ical Tables. By Elias Loomis. 8vo, 1868. Hanj^^x %i\i\ ^xq>^.^ 
New York. — ^Tms work is intended to serve "botiVi «i» «^ \.eiL\Ai^^ 
for iDBtructioD, and at the same time as an exposv\i\o\i oi xXi^ Taa^\» 
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important results of reoent researches in Meteorology. The sta- 
dent of this science has hitherto been unable to find in a single 
volume Hb principles developed with reasonable minuteness, and 
at the same time a presentation of the latest investigations. Hie 
present volume adequatelj^ supplies their want. The selection and 
arrangement of material is judicious, and the statements are lucid. 

The special student would probably prefer a more liberal rrfe^ 
ence to the names of those to whom we are indebted for recent 
acquisitions in this department of science. If this be a defect in a 
volume designed primarily as a class-book, it is in part compensa- 
ted by a list of works and memoirs on Meteorology, at the end of 
the volume. The last chapter gives the present state of omr 
knowledge of shooting stars, meteors, and aerolites. 

At the end of the volume are thirty six tables of various kinds, 
useful both to the observer and to the investigator. 

2. Jlie Butterflies of North America^ with colored drawingB and 
descriptions; by Wm. H. Edwards. Part I, 4to, with five plates. 
Philadelphia : published by the American Entomological Society. 
April, 1868. Price 12.00 per part. — Hitherto every one who hsB 
been at all interested in this attractive group of insects must have 
felt the great need of reliable works with accurate colored illns- 
trations, especially of the critical and rare species. Tlie two 
principal illustrated works, hitherto published, are not only veir 
incomplete, but rare and costly, ana almost inaccessible m this 
country, except, perhaps in the principal city libraries. 

This new work promises to fill this want in a truly admirable 
manner and at a price that makes it available for every one. The 
first number contains descriptions and beautiful illustrations of 
Argynnis Diana^ A. CybeU^ A. Aphrodite^ A. Nokomis^ and A, 
AUantis, Both surfaces are represented, and, in nearly every spe- 
cies, both sexes. The illustrations are life size and arawn with 
remarkable accuracy and beauty, and the coloring is very perfect 
and life-like. It is proposed to continue the work by issuing a 
number every three months, each number containing five plates, 
and complete in itself. The species selected for illuatration will 
be chiefly those not hitherto figured, or only imperfectly or erro- 
neously represented by previous authors. The lettei>pre8S is well 
printed in large type, on fine paper. "Die work, when completed, 
will form an attractive volume. 

8. Observations on Polvzoa, Suborder Fh^lacMoemaUM^ with 
nine plates ; by Alphkus Hyatt. From the Proceedings of the 
Essex Institute, Salem, Mads., 1866 to 1868. — In this country the 
very interesting group of fresh-water Polyzoa has hitherto attracted 
but little attention, even from professional naturalists. Dr. J. LeMy 
is the only American author who had previously written upon 
them. In the present extended memoir Mr. Hyatt has descrioed 
very carefully and minutely the anatomical structure oi Fk^edriceOa^ 
PlumateUa^ PectmateUa^ and CrisUUMay and has brought out with 
remarkable clearness, the various anatomical details by means of 
greatlv enlarged outline figures. The various speciea and their 
vaneUes are wso figured of naitiTvraX «iviA^ «}iONinn(^ the modes of 
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budding and forms of the colonies. The statoblasts or winter-buds 
of varioos species are illustrated by wood-cuts in the text, and 
afford valuable characters for the discrimination of the species. 
The last part of the work is devoted to descriptions of the genera 
and species observed by the author. These are three species of 
JfiredriceUaj four of PlumateUa^ one of PectinateUa^ and one of 
CristcUeUcu Of these, five are new species. 

This monograph really supplies us with a nearly complete man- 
ual of all the known North American species. v. 

4. J%« Workfhcp: A Monthly Journal devoted to the progress 
of the useful arts. Edited by Pr6£ W. Bauhsb, J. Schnobb and 
others. 4to, Nos. 1—4. (E. Steiger, 17 North William St., N. T.)— 
This beautifully illustrated ioumal addresses itself especially to 
those engaged in the decorative arts. It furnishes carefully drawn 
examples of the best productions in ancient and modem art, ac- 
companied with workmg plans on a larger scale to guide the 
artist in reproducing the designs. Original articles on style in 
connection with industry, and on art instruction, and reports on raw 
materials and new processes, accompany the descriptions of special 
designs. This timely Journal may oe considered an outsrowth of 
the Paris Exhibition oi 1867. It is of peculiar value to tne Ameri- 
can art worker in whatever department of art industry he may be 
engaged, and is ftimished at the moderate cost of 1 5.40 per annum. 

delphiuj voL i, No. 4. — ^This number closes the first volume of the 
Transactions of this Society. The memoirs of the volume are all 
of high merit, and the illustrations, of which there are many plates 
besides wood-cuts, excellent. No. 4, finishes the Gkotrupes of iBoreal 
America by 6. H. Horn ; and includes, after this, Descriptions of 
American Lepidoptera, with two colored plates, by A. R. Grote 
and 0. T. Robinson ; Notes on the Apple Baink-Louse (Zepidosaphes 
canchiformis)^ with a description or a supposed new Acarus, by 
H. Shimer ; Catalogue of a small collection of Hymenoptera inade 
in New Mexico in 1867, by E. T. Gresson; Catalogue of works 
in the Library of the Society. 

ProoeediiigB of the American Aasociation for the Advancement of Sdenoe, 16th 
meeting, held at Bu£folo, N. Y.. Aug., 1866. 130 pp. Svo. Cambridge, 1867. 

On £e Use of the Biurometer on Surveys and KeconnaissanceB : Part I, Mete- 
orology in its connection with Hypsometry. Part U, Barometric Hypsometry. 
Submitted to the Chief of Engineers, U. S. A., by B. S. Williamson, Miyor, Corps 
of Engineers, etc. Profbssiomil Papers of the Corps of Engineers, IT. 8. Army, 
Ho. 16. 248 pp. 4to, with many platos. 1868. (New York, D. Van Nostrand.)-- 
Also, as Appendix to the above, Practical Tables in Meteorology and Hypsom- 
etry, by id. 166 pp. 4to. 

TbB American Annual Encyclopedia and Begister of important events of the 
year 186t. YoL vii. New York. 8vo, pp. 799. (D. Appleton & Co.) 

Electro-Physiology and Therapeutics ; being a study of the Electrical and other 
Physical Phenomena of the Muscular Systems during health and disease, inclu- 
ding the phenomena of the Electrical Fishes, by (the late) Charles E. Morgan, 
A.B., M.D. Svo, pp. 114. New York, 1868. (William Wood k Co., 61 Walker st.) 

The Elements of Physiology and Hygiene, a Text Book for Educational Insti- 
tations; by Thoa. H. Huxley, LL.IX, F.B.S., and Wm. Jay Youmans, M.D., with 
numeroua uluBtrations. New York, 1868. 12mo, pp. 420. (D. Appleton & Cc^.\ 
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A Guide to the Study of Insects, and a treatise on those ixjurious and benfifi- 
cial to crops; for tibe use of Colleges, Agriculturists, etc; hj A. 8. Packard, Jr^ 
Salem. Issued in parts. Part I, 60 pp. 8to. Promises to be a popular woric of 
great value. Illustrations 600 or more, and excellent. Subscriptions are desired. 

Lessons in Elementary Chemistry : Inorganic and Organic, by Henry E. Boaooe, 
B.A., F.B.S., Prof, of Chemistry in Owens College, Manchester. New York, 1868. 
(Wm. Woods & Co., 61 Walker st. 

The Magnetism of Ships and the Deviations of the Compass. A aeziea of p^ms 
from the transactions of Foreign Societies, by Poisson Airy, Archibald Sinith, 
Fredk. John Evans, B.N., W. W. Bundell, fta, reprinted by (mier of the Secre- 
tary of the Navy, under the direction of Conmiodore Thornton A. Perkins, U. Sl N^ 
Chief of the Bureau of Navigation. Edited, and the memoir of Poiaaon tranala- 
ted by B. Franklin Qreene, C. E. 860 pp. 

Production of Iron and Steel in its economic and social relations, by Abrun SL 
Hewitt, U. S. Commissioner to the IJniv. Expos, at Paris, 1867. 104 pp. 8fa 
Washington, 1868. 

Notes on the Geology of the Survey for the extension of the Union Paciflc 
Railway, E. D., fi'om the Smoky Hill river, Kansas, to the Bio Grande; bj John 
L. LeConte, M. D. 68 pp. 8vo. Philadelphia, 1868. 

Monograph of the Terrestrial Mollusca of the U. States, by Geo. W. Tiyoii, Jr. 
Over 200 pp. with 18 lithogr. plates crowded with figures. A few oopieB on lils 
by the Conchological section of the Acad. Nat ScL Philadelphia ; pr. uncolored 
$8,60; colored, $13.60; with duplicate plates, colored and tinted prilled on 
plate paper, $20.00. Address E. «f. Nolan, M. D., Treas. of Publication Committee. 

Report on the Bahamas* Hurricane of Oct., 1866, with a description ot the cHy 
of Nassau ; by Gov. Bawson, C. B. Nassau, (K 0. Moseley.) 

Die Fossilen Mollusken des Tertiffir-Beckens von Wien, von Dr. Merita Homes. 
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Abt. XIV. — A new Theory of Vision; by Samuel Rowlet, 

M.A. 

My purpose in the following communication is to ofiFer a 
theory of vision which I behave has not been heretofore 
advanced, and which I venture also to believe to be the true 
one. But before entering upon its consideration it may be 
proper briefly to state, with reasons for rejecting them, the the- 
ories hitherto advanced. 

The theory of Aguilonius supposes that all the images, 
impressed on the retinad at any given instant, are seen in 
a plane perpendicular to the plane of the optic axes at their 
point or convergence, and parallel to the line joining the cen- 
ters of the two pupils ; and consequently that the two images 
of any object situated in this plane, occupvin^ as they neces- 
sarily do one and the same place, are seen single with two eyes. 

If any person whom a little practice has fitted to make such 
experiments, will place at some short distance, say three 
inches, in a line parallel to the eyes, two dmall objects, one 
directly before the central point of the interval between the 
eyes, and the other at a distance from this of say | of an inch, 
and direct his optic axes to the former, he will not see the 
two images of the latter as one, though their object is situa- 
ted in the plane mentioned, but as two distinct images, the 
one beyond the other. 

Experiments to the same effect might easily be multiplied. 
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But the one given abundantly demonstrates the inaccuracy of 
the theory of Aguilonius. 

The theory of corresponding points^ so called (as hdd on 
physiological grounds by Galen, Alhazen and Newton,) casr 
not be denominated a theory of vision. It is directed to the 
accounting for but one of the phenomena of vision — ^that of 
single sight with two eyes. It does not deal with visible di- 
rection and distance ; whereas these conditions, governing, 
as they do, external visible position, include the result of 
Bingle sight with two eyes as a necessary consequence. 

The theory of vision propounded by Dr. Smith in his Optics, 
and that by Dr. Wells, from which he derives his explana- 
tion of the phenomenon of single vision with two eyes, m his 
'• Essay on single vision with two eyes," are practically (as I 
trust will satisfactorily appear hereafter) merely attempts to 
formulate the misapprehensions by consciousness of true visi- 
ble distance which take place under the influence of habit 
A simple experiment subversive of both these theories may be 
made thus. Let two small objects, as pins, in a boara, be 
placed directly in front of the middle point between the eyes, 
the one at some short distance, say six inches, and the other 
at some more considerable distance, say eighteen inches, and 
lt?t other two small objects be placed on opposite sides of the 
near one in lines between the eyes and the iar object, and the 
optic axes be directed to the near object. Then the two ima- 
ges of the remote object will be found at no greater distance 
from each other than the images of the objects at the sides of 
the near one, or all will be apprehended as lying in the figure 
t»f a rectangle. 

But by the theory of Dr. Wells* the two images of the re- 
mote object (since this object lies in the direction which he 
has named the common axis) are seen in the optic axes — ^the 
light eye's image in the left eye's axis, and vice versa — and at 
a distance from each other (if located at the same distance 
from the eyes as the object)t ^^ ^j\ inches, whereas the imam 
oi the two lateral near objects, since these occupy the Ime 
named horopter, will be seen in the places of the objects at a 
distance from each other of \^\ inch. J 

As to the two images of any object more or less distant 
than the convergence of the axes, the theory of Smith places 
Ihem in lines drawn from the eyes to the object somewhere 
between the place of the object and the point of convergence, 
*• but not very far from the real place," i. e. the place of the 
ol)ject.§ Hence, while the two images of the object on either 

* Essay upon Single Vision with Two Ejes, p. 38. London, 1818. 
f lb. page 27. % lb. pages 6 and 46. 

§ Smithes complete Syatom of Opiics, Art. \^1. 
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side of the point of convergence will be seen coincident with 
their object at a distance of \j\ inch from the two images 
(Iseen in like manner) of the object on the other side, the two 
images of the remote object will be seen at a much less dis- 
tance from each other, or, following the proportions of the 
construction given us by that author, at a distance of j^^ or 
tV inch. 

Aguilonius is the only author who, meeting the question in 
its full extent, undertakes to assign for each image both the 
line of visible direction and the absolute visible distance frotn 
the retina on the line of visible direction. 

Sir David Brewster indeed gives both conditions of external 
visible position for the images falling on the vertices of the 
retince. But for every other image he merely assigns Kepler's 
line of visible direction, being silent regarding the visible dis- 
tance — ^the essential complement of the former in determining 
visible position. 

I will now propose and proceed to put to the test of exper- 
iment, what I believe to be the true theory of vision ; pre- 
mising the remark that in establishing its existence it will not 
render the proof offered less exact if I do not undertake to 
determine the precise point where a given ray* strikes the 
retina nor the precise point at which the line of visible direc- 
tion crosses the optic axis, provided we admit, (what I think 
will not be disputed) that where the angles with the optic 
axes of two rays, falling one on each cornea, are equal, the 
distances of the images on the retinea from the extremities of 
the axes are equal, and provided we admit, (what I also think 
will not be disputed) that where the angle with the axis of 
one of the rays is but very slightly increased, the angle formed 
afler decussation is not appreciably t^nequally increased ; and 
further premising that I will neglect any effect of refraction 
and also suppose a coincidence of the line of the ray with the 
line of visible direction. 

All the component points of the total impression on the retina 
qf either eye, before becoming cognizable mental phenomena^ 
are aimnltaneotisly and in lines draion from them through a 
point situatedj say a little behind the crystalline lenSj referred 
outward to a surface^ parallel to the impressed surface of the 
retina conceived to be simply expanded coextensively with the 
impression as eocpanded by outward reference and cutting at 
right angles the optic axis of that eye at the point where it in- 
tersects the optic axis of the other eye. 

* Here and wherever in this paper the word ray is used, it is intended to sig- 
nify the central or axial ray of the pencil 
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Or, to change the form of statement, the entire impreaaiont 
on the rrfinte, before becoming objects of consdousnesa arepro' 
Jected in space upon aur/aces bisecting each other (at an angle 
greater or less according to the distance) in a plane perpendic- 
ular to the plane of the axes — tlie component points oj eoet 
impression being simultaneously rejerred ovttoara in lines pass- 
ing Jrom them, through a point a little behind the center o^ tie 
crystalline lens, but, excepting the expansion and the invtrsion 
resulting /rom the crossing in the eye of the direcUona qf oKt- 
ward reference, undergoing no change of relative position — the 
distance betiocen the planes passing at right angles to the i^pHe 
axis through any two of the successive concerUric tones q^ 
points, which make up the retinal impression, continuing ae 
same. 

I do not mean here to assert that an outward projection 
actually takes place, hut that the ^ect of such a projection, 
produced hy an intermediate procese of mind, is presented 
to the conscioueneBS. 

On a suitahle plane surface take two points C, C (fig. l)i 




^j'r, inches aimrt, and in a line hisecting at right angles oM 
joining these points take other two points A, B, distant re 
epectirely trom the point of bisection six and eighteen incheL 
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Draw the straight lines C A^ C'A, and perpendicular to them 
at A the two lines EG, IK. Through the points F, F', taken 
in the lines OA, C A, j\ inch from C, 0', draw the lines FB, 
F'B, intersectingEG, IK, at 6, h'. Through the points F' and 
d, — a point in IK where a line passing through b perpendicu- 
lar to GO' intersects it— draw a Hue. In this une, where a line 
passuK through B parallel to C 0' intersects it, take the point 
D. ^e distance oi this point from B will be 4^^ inches. 

Now suppose the points 0, C, to represent the centers of 
the eyes ; points F, F', the focal centers ; A, B, D, the situa- 
tions of luminous points ; the lines CA, C'A, the optic axes 
produced ; the lines EG, IK, lines of intersection wnere two 
snrfiMses slightly convex toward the eyes, perpendicular re- 
spectively to the optic axes at their point of meeting, cut the 
plane of the axes ; BF, BF', lines of luminous rays passing 
trom the point B through the points F, F'; DF' the line 
of ray passing from D through F' to the retina; h the 
point where the line BF intersects the line EG ; and d^ the 
point of intersection of DF' with IK. Then, if the above 
enunciated proposition be true, to wit: that an impression 
made by a luminous point on the retina of the right or left 
eve becomes visible and is seen where a line drawn from it 
through a point a little behind the center of the crystalline 
lens pierces a slightly convex surface perpendicular to the op- 
tic axis of that eye at the place of its meeting with the axis 
of the other eye, the image of the point at B, will be seen 
from the left eye at 6, ana the image of the point at D from 
the right eye at c?, both in the same perpendicular of no va- 
riation,* or the image of the point at B will be seen by the 
left eye a littie behind the place in which the image of the 
point at D will be seen by me right eye. 

The experiment may be made thus. Take a thin rule, (as 
a plane scale) twelve inches in length with the right hand, 
and another rule with the left hand. Hold the nSe in the 
right hand with its wide sides perpendicular to the plane of 
the horizon, in a line running away from the middle jpoint be- 
tween the eyes so that the near end shall be distant six inches 
and the remote end rest upon a horizontal bar of a well lighted 
window at right angles to the rule, and parallel to the eyes. 

To obtain the former distance with accuracy it is necessary 
to have two small objects, as two pins, placed equidistantly 
on opposite sides of the point of mtersection of the bar by 
the rule, distant from each other 4jV inches, and when these 
shall be seen across (or lie in the axes exactly fixed upon) 

* Bj perpendicular of no variation is meant a line perpendicular to the base of 
▼iflioii, for the definition of which see note, p. 1 64. 
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the near end of the mle, that diatanoe for ejree 2j\ inohei 
apart will be accurately found. Now fix the axes of the eyes 
on the near end. The images of the remote end will appear 
as two at the sides, that of the left eye at some unknown dis- 
tance on the left, and that of the right eye in like manner tm 
the right. Holding the rule in the left hand in the same po- 
sition with respect to the plane of the horizon as the ot&r, 
apply its remote end on the window bar to the left of the re- 
mote end of the rule in the right hand, so that the right eve's 
image of the former will cover the left eye's image of the lat- 
ter. Now measure the distance between the far ends on the 
bar. If all the conditions of the experiment shall have been 
exactly complied with the distance found will be A^^ inches, 
08 predetermined in the dif^am. 

The experiment, then, showe that the geometrical ooaae- 
queiice of the principles of the proportion, as illustrated in the 
diagram holds good in actual practice, and that when the axes 
are fixed upon the images of an object placed as a Immnofls 
point at A, the left eye's visible image of an object placed u 
a point at B in the line FB, is seen a little beyond where fba 
right eye's visible image 
of an object placed aa a 
point at D in the line 
drawn through F' and d 
is seen, both in the same 
lini! of no variation. It 
is ob\-iouB by the propo- 
sition thatitoughtnotto 
affect the "conjunction" 
of the images, whereso- 
ever in the line passing 
through F' and d the ob- 
ject might be placed; and 
this will be found to be 
the fact. It was place<l 
opposite B at D merely 
for convenience of apply- 
ing the diagram in ac- 
tual experiment, and to 
procure a correct appre- 
ciation of tho interval 
between the images. 

Suppose in the second 
place, the axes represen- 
ted by OB, OB, fig. 2. 
Then by my proposition the left eye's viaitde image of the 




S. Bowhy on Vmon. 159 

luminous point at A should be seen at T' in a surfistce cutting 
the axis FB at right angles in B (and the plane of the axes in 
the line EG) and the nght eye's image at T. 

But if the left; eye's ima^ of the point at A is seen at T' 
then by the same proposition the nght eye's image of the 
point at E' opposite A in a line between F' and e, a position 
in IK, directly beyond T', should be seen in the same line of 
no variation a little beyond T' at 6. If the experiment be 
made it will be found that the right eye's visible image of an 
object placed as a point at E', nearly lyV ii^ch from A, will 
be seen a little behind the place where the left eye's image of 
an object placed as a point at A is seen. 

So the two middle images of the pins placed as a test of 
distance in the first of these experiments are seen united at 
the intersection of the surfaces of vision. 

If the surfaces of vision were planes, since their line of in- 
tersection would then coincide with the line of intersection 
of the vertical planes of the axes, it is evident that the ima- 
ges of these pins lon^tudinally bisected by the latter planes 
would exactly coincide. But owing to the slight curvature 
of the Bur&ces of vision, the line of intersection of these sur- 
fiEU^es immediately begins very gradually to recede from that of 
the vertical planes of the axes, and the longitudinal axes of 
the images of the pins to cross over and fall on opposite sides, 
thereby preventing a mathematical coincidence of the images. 

This effect of the departure of the intersection of the sur- 
faces of vision (supposmg the optic axes parallel to the hori- 
zon, to which the pms are perpendicular, to be dkected to 
the bottoms of the ima^s) may be counteracted and a math- 
ematical coincidence of the images nearly produced by in- 
clining the pin whose image is seen by the left eye a very 
little to the left and the other duly to the right. Should this 
smaU incUnation be given with such a curve that a line drawn 
from any point of the axis of the pin to the focal center of the 
eye would intersect the line of intersection of the surfaces of 
vision, then an exact mathematical coincidence of the images 
would be secured. 

The approximate result may be obtained if two rulers^ or 
the legs of a pair of compassesf be so placed that their longi- 
tudinal axes shall lie in the vertical planes of the optical 
axes. 

It is evident that for the two objects in the vertical planes 
of the axes, we may put a single object at the intersection of 
these planes.} 

* See Wella, p. 36. f Smith's Optics, Art 977. t Wells, p. 49. 
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But to make the accurate performance of these experiments 
easy, some special instrument must be provided. A piece of 

{)ine board whose opposite great surfaces are rectangles paral- 
el to one another, thirteen inches long and eight inches wide, 
with five pins, furnishes the means for obtaining accurate re- 
sults, where the distance between the near and far points does 
not exceed twelve inches.* 

To use tliis contrivance — supposing the distance from the 
middle of the line between the centers of the eyes to the near 
objective point to be six inches, and from the near to the fiur 
objective point twelve inches — in the surface SRFC (fig. 3) 
^ inch from the short side SB, and five inches from the long 
side BF, take the point A. Through this point and at right 
nugles to the side SB, draw a line NO. 3. 
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In this line, twelve inches from the point C^ 
A, take the point B. Through this point, p 
and at right angles to this line, draw an- 
other line PL. In this latter line, take 
the two points T, T', each distant 2 pV 
inches from the point B, and 4,*^ inches 
fi'om the other; and finally 4j\ inches from 
tlie point B, take the point D. At euch 
of the points, so taken, set a pin. Now 
{•lace the board in a horizontal position a 
little below and parallel to the plane of 
the axes, with the pin at A six incnes from 
tlie middle of the line joining the centers 
o{ the eyes, and, together with the pin at B, in the vertical 
]»lane which bisects tnis line at right angles ; which disposi- 
tion of the pins is had, when, looking at the images of the 
l)in at A, the left eye's image of the ]nn at T', and the right 
fve's image of that at T, are found lying in the axes. 

When now the axes are fixed upon the images of the pia 
at A, the right eye's image of the pin at B will be seen in the 
same line of no variation as the left eye's of the one at D, 
and at a point a little beyond where the latter is seen ; and 
wlien they are fixed upon the images of the pin at B, the left 
eye's image of that at A will be seen in a position a little be- 
f'>ro where the right eye's image of a pin, set nearly lyV 
inch directly to the ri^lit of A, will be seen, the distance be- 
tween these being 8ensil)ly less than that between the images 
it.'ceived from B and D, when the axes were converged to- 
ward A. 

♦ Anotlior boanl of tho same width and 18 inches long serving as a support to 
t: !-», to be held with one cud against the nose by the hands pressing both pieces 
rir ^ke sides, will be found serviceable for maintaining stoadmess of poelticm. 
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A stdll better instrament, is a small wooden cross consisting 
3f a slender bar and sliding transverse piece, which may be any 
ilip of wood, (as a piece of common lath) notched at the cen- 
ter so as to receive the longitudinal bar in its full thickness at 
right angles, and also capable of being shifted and fixed by 
wedging at any point. 

For aJl experiments in which the distance of the remoter of 
the two stations desimated A and B, figs. 1 and 2, is not greater 
than 18 inches, the length of the bar should be 18 inches, and 
that of the transverse piece, 12 inches. 

To apply this instrument instead of the window bar and 
rulers in the first of the examples taken, fix the transverse piece 
%t the distance of 17 inches from one end 
y£ the shaft, and laying the cross on a q 

table with its level side upward, draw on p ^ F ^ ^x 



the apper side of the shaft lengthwise tb\ t^ d 

the bisecting line NO, and lengthwise 
3n the upper side of the transverse piece, 
the bisectmg line PL. At B, the point 
3f intersection of these lines, set a pin, 
ftnd at the point A, 12 inches from the i 

point B, in the line NO, also one. At 
the points T, T', in the line PL, each dis- 
tant 2 1-^7 inc];ies from B, set two other pins, 
ftnd at D, 4tV inches from B, another. ^ 

Then placing the cross so as to lie with 
the extremi^ N, of the shaft against the upper part of the 
[lose, and its upper surface a little below and parallel to the 
plane of the axes, and keeping the head fixed, look with each 
5ye in rapid succession at its image of the piu at A. If the 
right eye's image of the pin at T, and the left eye's of that at 
T', be seen in these directions of the axes, the pins at A and 
B are 6 and 18 inches distant from the middle point of the 
line joining the centers of the eyes. But if they should fall 
Bvithm or without the axes thus directed, then the transverse 
piece, together with the pins at A and B, 12 inches apart, 
omst be shifted slightly forward or backward, until the requi- 
site position is found. 

Holding this instrument in the same position with respect to 
the eyes as that just above given to it for ascertaining distance, 
turn it toward a strongly illuminated white wall or sheet of 
white paper or Twhich is better) the clear sky. If now the axes 
be fixed upon tne images of the pin at A, the right eye's im- 
age of the pin at B, and the left eye's of that at D, will be seen 
lying in the same line of no variation, the former a little beyond 
the latter. But if having transferred the transverse piece to the 
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distance cf A, the axes he fixed upon the images of the pin at 
B, then the image of the pin at A, seen hj the left eye, and 
that of a pin placed nearly lyV inch directly to the right of A, 
seen by the right eye, will be found lying in the same perpen- 
dicular of no variation, the latter beyond the former, the dis- 
tance between the two images being less than in the first case. 

In experimenting with this instrument, the position of the 
image of the pin at B seen by the left eye in a surface at r^ht 
angles to the optic axis of that eye is visibly realized. For 
when the axes are fixed toward A (as in the first instance) die 
image of the transverse piece seen from the left eye visibly has 
a position at ri^ht angles to the axis of that eye, and intersects 
the corresponding imago of the right eye, in a line of common 
intersection crossing each image where that image, whether re- 
ferred back to the retina or to the distance of tiie transverse 
piece itself, would be pierced by the optic axis. 

In making these experiments, care should be taken not to 
turn the axes into the oblique directions, to do which there is 
always a strong inclination; for then the images, which wen 
seen, in those directions as described, the one before or behind 
the other, would be seen coincident. 

I will now proceed to answer an apparent objection. In the 
first demonstration, under my proposition, I undertake to show 
that the impression on the left eye from B becomop visible and 
is seen at b, by showing that it is seen a little behind where the 
im2)ression on the right eye from an object placed at D is seen 
by the right eye, arguing that nothing else than a projection in 
the manner described can account for the local relationship in 
which these impressions are seen. The evidence of consdone- 
ness, then, that these impressions are seen in a certain local re- 
lationship, is made the gi'oundwork of my argument. Now, 
it may be urged that the evidence of consciousness is eqnaUy 
strong, that the impression from the object at B on the left eye, 
when seen, lies in the axis of the right eye at the actual dis- 
tance of the object itself at B.* 

In the first place, let us determine whether conBciousneis, 
when carefully examined, does really continue to find this im- 
pression elsewhere than at b. To reveal in consciousness the 
true distance in a lateral direction of the visible image at b of 
an object at B (fig. 1), employing the pins and board, place a pin 
at 6. The left eye's image of the pm at B will not be reoQ^ 
nized to the left of the left eye's image of it. 

Again, take three equal, small rings of pasteboard. Attadi 
to each, in the direction of a radius produced, a pin, by cement- 

* See Wells, pp. 38 and 27. 
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ing with a drop of sealiog wax the head of the pin to the edge 
of the ring. 

At By fig. 3, (the board duly widened,) a point 4^^ inches to 
the right of B, and a point 4^^ inches to the left^ station these 
pins, so that the rings shall be parallel to the eyes of the ob- 
server. At the points A, T, T', set simple pins. Now on 
oonvemng the axes toward A, till the right eye's image of the 
pin at T and the left eve's of the pin at T', are hidden in the 
combined images of tne pin at A, the images of the rings 
will be apprehended in their true visible places. 

To ma£e another experiment of the kind to which the last 
belongSy on a glass of a window situated at a convenient height. 
stick a number of wafers, placing their centers in a horizontal 
line and separating the adjacent centers by a distance less than 
that between the centers of the eyes, but being extremely care- 
ful to make all these distances exactly equal. Direct the axes 
through the centers of two adjoining wafers, each axis through 
that center lying on its own side, and presently all the visible 
images (except usuaUy the left terminal image of the right eye's 
series and the right terminal one of the left eye's), will be re- 
co^ized by consciousness in their true visible positions. 

If the adjoining centers of the wafers are very close to each 
other (as a Uttle over i inch, supposing the wafers to be i inch 
in diameter) and the eyes at a short distance, say 4 inches, the 
curvature of the surface of vision will be plainly appreciated, 
and if the plane of the axes be turned on the line joining the 
intersection of the axes to the center of the interval between 
the eyes from a coincidence to an angle with the horizontal plane 
passing through the centers of the wafers, the curvature of each 
ejfe^s series wiU be separately appreciated. 

An experiment ot the same kind may also be made by means 
of the similar figures lying at equal diistances in the surface of 
a papered wall. 

it the experimenter will station himself facing such a wall 
and converge his optic axes, so that the axis oi his left eye 
shall pierce the center of some figure in front of him and that 
of his right eye the center of the next one to the left of the 
other, then shortly each eye's image of the papered wall will, 
to his consciousness, take its true visible position at the dis- 
tance of the convergence of the axes — the images of the figures 
appearing smaller or larger according as the distance of the 
pomt of convergence is less or greater. A variation (from the 
standard) of the distance between the centers of the hgures of 
tiie wall, will produce a seeming elevation or depression of the 
visible images. The cause of this last as well as that of the 
principal phenomenon, will be apparent, when it shall have been 
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explained why the lateral ima^s of an object which Ib at a 
greater or less distance than tnat of the convergence of the 
axes, are not apprehended in their true visible positions in the 
surfaces of vision. 

Why then does consciousness mistake^ precisely as we find it 
doing, the true place of the visible image of any object, lying 
not at the point of intersection of the axes nor at any point 
equally distant with this from the base of vision ?* 

My answer is, that under tendencies resulting from ezperieooe^ 
consciousness apprehends erroneously the distances re^llv pre- 
sented for its action according to the laws of vision, and with 
respect to each lateral image apprehends the distance of the 
surface of vision from the base of vision, and the distance in 
the surface from the image at the center for the distances that 
would exist between these surfaces and these images, if the 
given image, now laterally and obscurely seen, were with its ccv- 
responding image of the other eye directly and distinctly exam- 
ined at the center. 

Hence the place in which such an image seems to be seen. 

For example, let the axes be turned to the images of an ob- 
ject at B, fig. 2. They will be seen at B, the left eye's 2iV 
inches, to the left, from its image at T' of the object at A, and 
the ri^ht eye*s 2tV inches, to the right, from its image at T of 
the object at A, each in a surface of vision, measuring from the 
apex, 18 inches from the base of vision. 

Let now the axes be turned to the images of the object it 
A, fig. 1. These will now be seen at A, that of the left eye*! 
tV inch to the right, from its image at b of the object at B, and 
the right eye's j\ inch to the left from its image at 6' of the ob- 
ject at B, each in a surface, measuring from the apex, 6 inches 
from the base of vision. 

At first then, the left eye's image of an object at B when par- 
ticularly examined, will always be apprehended at the distanoe 
of 2|-V inches, to the left, from the image at T' of an object at 
A in the surface of vision 18 inches from the base. 

Hence after due experience will arise a tendency of mind to 
apprehend this image at a distance of 2yV inches, to the lefti 
from the image of the object at A in the surface of vision 18 
inches from the base. Therefore, when the axes are turned 
toward the images of the object at A, the mind will be inflor 
enccd by this tendency, with respect to the left eye's image at 
h of the object at B, to apprehend 6 inches, the distance of ib 
surface of vision from the base, as 18 inches, ^nd -f^ inch, the 

* By hoAe of vision I mean a plane cutting perpendicularly at the center of tin 
interTal between the eyes, a lino drawn through this point and the point of ooit' 
vei^geuco of the optic axes. 
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Btance in the surface from the image at A of the object at 
y as 2^j inches. 

Again^ the effect of experience in regarding directly the im- 
;eB of the object at A will be a habit whereby, when the axes 
« directed to the images of the object at B, the mind will be 
d to mistake 2t^7 inches — the distaince in the surface of the 
ft eye's image at T' of the object at A to the right of its im- 
^ at B of the object at B— for y\ inch, and 18 inches — the 
stance of the surface of vision from the base — ^for 6 inches ; 
id 2/r inches — the distance in the surface of the right eye's 
aage at T of the object at A to the left of its imase at B of 
16 object at B — ^for yV inch, and 18 inches — ^the distance of 
16 sumce of vision from the base for 6 inches. 
Thus since the more remote parts of a solid object will seem 
I be seen at equally more remote distances in the image, and 
16 entire image at a distance equal to that of the object, the 
nage will seem to be seen with the same form and magnitude 
\ really pertain to the object.^ 

We are now also prepared to explain the cases in which the 
rnUe image, though tne object be situated at a greater or less 
iBtance from the base of vision than the point ot convergence 

* the axes, is accepted by consciousness in its true place, as in 
16 experiments with the equidistant pins, with the wafers 
pen glass, and the figures in the papered wsJL 

In these cases it wiU be perceived that any two images seen 
I one, though proceeding from two different objects, have the 
one positions in the surfaces of vision as they would if they 
roceeded from a single object placed at the intersection of the 
DOS drawn from the two different objects to the eyes. 

Further, so great is the propensity to appreciate singly, that 
ij slight discrepancy between these images and those pro- 
aioed by one and the same object will not prevent an acceptance 
[ a correspondence, and, since all the equivalent single objects 
ould lie at the same distance, no habit can exist to influence 
le mind with respect to any images to locate the surfaces of 
ision at a greater or less distance n*om the base of vision than 
16 true. Hence all the images will be apprehended in their 
ne visible places. But if the interval between any two ob- 
icts of such a series should differ from the other intervals, then 
nr the two (p{ the four images presented]) which are accepted 
I corresponoing, or capable of being seen singly in direct vision, 

* these should be lateral, or if central, then for all the rest, from 
16 necessary principle of habit above laid down, the surfaces 

« In ordinary lateral vision, (i. e. vision had at the sides of the line of inter- 
iction of the surfaces of yision), two corresponding images or the corresponding 
irts of two complex images at the concurrence of the axes are approdate^ «2^^ 
f reason of inattention to, or neglect of, one of them. 
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of vision, measured from the common center, will seem to exigt 
at such a distance from the base of vision as that at which they 
would it these images were directly seen in the axes. 

In this experiment with the papered wall, with every move- 
ment of the head a movement of all the images in the same 
direction takes place, because with the eyes fixed toward any 
two figures, a movement of the head in any direction will cany 
in the same direction all the points of intersection of the lines 
of direction and consequently all the images in the two Bar&ces. 
So when the axes are made to pass through any two of a series 
of equal and equidistant objects to a point beyond, as in the 
case of the experiment with the wafers upon glass, a movmnent 
of the head in one direction will produce a movement of the 
images in a contrary direction. 

Tliere are other circumstances incident to a lateral image in 
the surface of vision, besides distance from its twin, which will 
produce habits operating to defeat a correct appreciation of the 
two distances. 

Such a circumstance is the visible magnitude. 

Thus, whatever the visible magnitude of an aggregate latent 
image, which has been often seen in direct vision, this masm- 
tude will be taken for that found on particular examination, 
and the visible distance for that corresponding to that magni- 
tude. But since lateral images in the surface of vision, not dis- 
tinguishable from each other by consciousness may result from 
objects of very different magnitudes placed at suitably difierent 
distances, a s^ven magnitude of image will not always exdte 
the same tendency of mind. 

To illustrate this, take the board with pins placed at A and 
B (fig. 3,) depress the far end till the surface is hidden by the 
near end, and, stopping the light fiowing from the near pinto 
one of the eyes by interposing near the eye an adequate object, 
fix the axes of both toward the remote pin. As soon as the eye 
has ceased its alternations of adjustment (which have been per- 
formed so rapidly as to keep up a sensibly sustained distinctness 
of lx)th images), and no longer experiences the sensation of 
focal adjustment to the near pin (which has excited a tendency 
of mind to mistake the image at the distance of the object), 
the now shadowy image of this pin will take its position he- 
side that of the far-pm. This it will generally do slowly, he- 
cause the image in the surface might have resulted from a pin 
of duo dimensions situated at every intermediate point, but in 
continuous succession giving up every intermediate position it 
will finally come to rest in its true visible place. Occasionally 
owing to the dominancy of some habit, it will seem to take» 
place at a greater or less distance than the true. 
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But habits created by maenitude may cause mistakes of vis- 
ble distance involviiig also me image in the axis. 

Thus for example^ if the mind has been accustomed to ap- 
>reciate the images of mountains of moderate magnitudes, 
thereby tendencies will be impressed upon it to appreciate mod- 
urate dimensions with images of this class. Hence when the 
mage of a mountain of extraordinary magnitude is presented 
'in an ordinary state of the atmosphere), consciousness will be 
nfluenced to appreciate the dimensions as less than they really 
ire, and, in order to this, the distance from the base of vision 
18 a duly less one. And the effect on any concomitant images, 
10 of trees or animals, would be a like seeming diminution of 
;heir visible magnitudes. For it is plain that if consciousness 
nakes a mistake of distance, then in obedience to the law of 
labit it will assign that size which the image would really have 
it that distance, or that effect of lateral distance, or resulting 
spansion, which the divergence of the lines of direction would 
pve at that distance. 

Dr. Abercrombie relates the following instance as having oc- 
rarred in his own experience. " I remember," he says, "once 
laving occasion to pass along Ludgate Hill, when the great 
loor of St. Paul's was open, and several persons were standing 
n it. They appeared to be very little children; but, on coming 
ap to them, were found to be ftill grown persons." 

The theory which I have thus advanced, taken in connection 
xrith the mistaking practice of consciousness, will, I believe, 
iirnish a satisfactory explanation of all the phenomena of vis- 
ion — some of the more interesting of which phenomena, as 
well as the subject of monocular vision, I propose in a future 
[Miper to consider. 

Hastings-upon-HudBon, N.Y. 



^T. XV. — Fundamental Principles of Molecular Physics ; 

by Professor W. A. Norton. 

In a recent work by Joseph Bayma, 8. J. Professor of Phi- 
losophy, Stonyhurst College, England, in which a new theory 
rf Molecular Mechanics is ably set forth, I find a brief critique 
yl my theory of Molecular Phjsics, published, oririnally, in 
Ads Journal, and republished m the London and Edinburgh 
Philosophical Magazine. To this I propose to reply, and at 
iihe same time to remark incidentally upon some of the funda- 
mental principles of the theory advanced by Professor Bayma. 
[This can be most briefly and effectively done by taking up the 
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different objections urged by him in dne order, and oonunentiDg 
apon them in succession ; — Shaving a care not to dlBsociate 
remarks that should properly be presented together. The 
quotations made will be indicated to the eye by being printed 
in smaUer type. 

A great number of scientific men, to give an explanation of 
caloriiic, electric, and luminous phenomena, assume that aethff 
pervades all ponderable bodies ; whence many of them have come 
to the conclusion, that every molecule of a body is surroonded bj 
an sBthereal atmosphere, the action of which is considered to be the 
source of those phenomena. Professor W, A. Norton, in a aeriei 
of interesting articles published in the American Journal, gives t 
theory of molecular physics, of which the fundamental prinapkii^ 
that each molecule is formed by an atom of ponderaole matter 
surrounded by two aethereal atmospheres of a diflferent kind. I 
give his words. 

The established truths and generally received ideas whidi fimn 
the basis of the theory, are as follows : 

1st. All the phenomena of material nature result from the wAm 
of force upon matter. 

2nd. AU the forces in operation in nature are traceable to two 
primary forces, viz : attraction and repulsion. 

Srd. All bodies of matter consist of separate indiviuble ptrta, 
called atoms, each of which is conceived to be spherical in fonn. 

4th. Matter exists in three forms essentiaUy different from 
each other. These are 1st, ordinary or gross matter, of whMi 
all bodies of matter directly detectea by our senses eitJier wboU? 
or chiefly consist. 2nd. A subtile fluid, or ether, associated vita 
ordinary matter, by the intervention of which all electrical plM- 
nomena ori^nate, or are produced. This electric ether^ as it may 
be termed, is attracted by ordinary matter, while its individiuil 
atoms repel each other. Srd. A still more subtile form of ether, 
which pervades all space and the interstices between the atoms m 
bodies. This is the medium by which light is propagated, and 
is called the lumini/erous ether^ or the universcU emer. The 
atoms, or " atomettes" of this ether, mutually repel each other; 
and it is attracted by ordinary matter, and is consequently more 
dense in the interior of bodies than in free space. 

5th. Heat, in all its recognized actions on matter, manifesU 
itself as a force of repulsion. 

The comer stone of a physical theory of molecular phenomena 
must consist in the conception that is formed of the essential 
constitution of a single molecule ; understanding by a molecule 
an atom of ordinary matter, endued with the properties and inves- 
ted with the arrangements which enable it to exert forces of attn^ 
tion and repulsion upon other molecules. In seeking for this, the 
most philosophical course that can be pursued is to follow oat to 
their legitimate conclusions the general principles already laid 
down. .... The conception here formed of a modecule involves the 
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dea of the operation of the two forces of attraction and rcpalsion : 
i force of attraction is exerted by the atom upon each of the two 
atmospheres surroundings it; and a force of mutual repulsion 
between the atoms of each atmosphere. These we regard as the 
ijTimary forces of nature, from which all known forces are derived. 
These are the capital points of Prof, Norton's ingenious theory. 
But we think that such a theory contains a great deal of arbitrary 
iWBamption. And indeed on what evidence are we to grant that 
matter exists in three forms essentially different from each other ? 
Then hpw can we know the existence of atoms of gross matter 
liaving a spherical form, and therefore extended though indivisible ? 
Why should we admit two ethereal fluids, which are ooth repulsive 
ind only differ in subtlety ? All this the learned Professor assumes 
idthout proof, apparently because it consists of *^ established truths 
uid generally received ideas." But we say that no one has up to 
this day^ establbhed the truth of such propositions. As for '^receiv- 
dd ideas," every one knows how often questionable notions have been 
and are received without serious examination, especially when ex- 
pressed by Professors in a very dogmatic style. Are not a thousand 
nypotheses received? and do the^r cease to be hypotheses, although 
he who makes use of them for building a theory adorns them with 
the high name of principles. 

This is all very plausible, but the objections urged are des- 
titute of any real force. We will first consider the general 
intimation that the theory rests upon ^'a great deal of arbitrary 
assumption.'' No theory of Molecular Physics can, in the 
nature of things, have any other foundation than general prin- 
ciples to be regarded as hypotheses that have been rendered 
more or less probable, either by inductions from observation or 
by a priori reasonings. Molecular Physics cannot be erected, 
like Mathematics, upon a foundation* known from the first to 
be eternally sure, that of self-evident truths. Mechanical ax- 
ioms may exist as mere figments of the mind, and have often 
risen like bubbles in the minds of speculative philosophers, 
shone with an evanescent splendor, and suddenly ourst at the 
touch of a hard fact. Our author is another instance of a 
learned philosopher who has iaith in such unsubstantialities, 
and thinks to substitute them as a proper basis for a theory 
of Molecular Mechanics, in place of the general conceptions to 
which the progress of science leads, and by which alone its 
highest inductions find any explanation — ^regards the latter as 
arbitrary assumptions, and his own mental convictions of what 
matter must be and how it must act, as the only reliable foun- 
dation upon which to build. It is true that ho takes exception 
to Principles 3rd and 4th, from the inductive point of view. 
Upon this ground — ^the only legitimate one to be occupied — I 

AM. JouB. ScL— Sboditd Sbbxbs, Vol. XL VI, No. 137.— Seft.^IQAI^. 
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am quite ready to meet him : but X wish to enter here, at 
outset, a demurrer against the virtual claim of the Buperiority 
of his own $l priori method of establishing his funoamental 
principles. Such a claim is implied in the intimation that ^^o 
one has up to this day establisned the truth of such proposi- 
tions ;" — as will be best appreciated bv those who have read trot 
Bayma's book. Having proved, as he conceives^ his proposi- 
tioDs, and clinched each one of them with a ,Q. E. D.. he insistg 
that obvious intimations of Nature are to be discarded because 
the stamp of infallibility cannot be put upon them at onoe, 
before the test of availability in the explanation of phenomena 
has been applied. It was evident from the tenor ox my expo- 
sition of the subject that the ^^ established truths " referred to 
were merely regarded as having been virtually established, or 
rendered highly probable, by the inductions of science. The 
claim implied in Prof. Bayma's criticism, that they require a 
higher confirmation, in fact a demonstration of their truth, is 
not to be admitted. 
He asks : 

On what evidence arc we to grant that matter exists in three 
forms essentially different from each other ? 

A sufficient answer to the critic himself, is that pursuing a 
systematic course of deduction from his leading principles, and 
his assumptions of the essential nature of matter, he actoallf 
proves to his own satisfaction that matter does in &ct exist 
in essentially three different forms. He reaches the conclu- 
sion that every primitive molecule consists of an attractive 
nucleus surrounded by a repulsive envelop. My own posi- 
tion is that every primitfve molecule consists of an attractive 
atom of gross matter surrounded by a repulsive atmosphere of 
electric ether. The atom of gross matter answers to his attrac- 
tive nucleus, the electric ether to his repulsive envelop. The 
difference of doctrine, from the present point of view, is in 
name only. In another connection he elaborately undertakes 
to prove that ether (i. e. the ether of space) is a " special sub- 
stance." Thus he makes out that there are three essentially 
different forms of matter. 

But to reply to others who may be disposed to adopt the 
objection urged. No one will deny the existence of erote or 
ponderable matter ; or of something which has all tne me- 
chanical attributes of matter. That an ether exists in space 
and within transparent media, we may certainly r^ard as 
abundantly established by optical phenomena. As to the 
electric ether, the evidence of its existence is that the great 
body of electric and magnetic phenomena, it is generally 
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conceded, admit of satisfactory explanation on the hypothesis 
of an dectric fluid, or ether, intimately associated wi& mat- 
ter; and that no successful attempt has yet been made to ac- 
count for the simplest of these pnenomena on any other hy- 
pothesis. Some physicists, it is true, are striving to do away 
with the supposed electric fluid; — ^prompted by the conjecture 
that Nature must operate by some simpler method, and work 
out all her wonderml diversity of phenomena by one, or at 
most, two forms of matter. Shall we wait until these physic- 
ists have realized their aspirations, at their discouraging rate 
of progress; or, guided by the indications of Nature, strive 
to unk all natural phenomena together by a few recognized 

Srinciples. A theory that shall accomplish this is the great 
esideratum. Even should such a theory not rest upon the 
highest and fewest possible mechanical principles, still the 
generalizations embodied in it must have their counterparts 
in certain physical truths, to the knowledge of which it will 
be likely to Ic^. It is by following the dlscendin^ grade of 
generalizations that speculative science has hitherto pro- 
gressed. Preconceived notions of what matter must be in its 
essential nature, or by what form of matter, or varieties of 
method. Nature must operate have thus far contributed little to 
its advancement : and in fact when we consider that we posi- 
tively know and can know nothing, k priori, with regard to the 
essential nature and condition of matter, and its means and 
mode of operation, such notions are entitled to little credit. 

Our autnor implies in the remarks above quoted that the ex- 
istence of an electric ether is not only not an "established truth,'' 
but is to be ranked among those questionable notions that 
have been received without serious examination. This impli- 
cation is obviously unjust. Besides, the serious examination 
that he has given the subject only leads him to confirm the 
substantial truth of what he would here seem to discredit — 
for, as we have already seen, his " repulsive envelope " is es- 
sentially my " electric atmosphere." 

Why should we admit two sethereal fluids which are both re- 
pulsive and only differ in subtlety. 

Prof. Bayma and myself agree in admitting the existence 
of two kinds of matter, — attractive and repulsive ; and as 
we have seen, thiee forms of matter. Is it inherently any less 
probable that two of these should be repulsive and one attrac- 
tive, than as he assumes that two should be attractive and one 
repulsive : — viz., gross matter and the ether of space attrac- 
tive, and the elements of the "repulsive envelope " repulsive. 
In the supposition that the two etheral fluids differ in subtlety. 
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nothing more is essentially implied than that a consideniUe 
number of atoms of the one occupy the interstices between 
the atoms of the other. Prof. Bayma assumes equally great 
differences to subsist between his two attractive formB of mat- 
ter. He remarks, ^^ the distinction of such a medium" (a me- 
dium for the transmission of light) ^' from any ponderaUe 
substance, is not an hypothesis but a necessary inference 
drawn from observed facts ;" and again, '^ I do not see how 
such a fact " (that light can pass uncusturbed through air not- 
withstanding the inunense number of air particles it encoun- 
ters) ^^ can be accounted for if SBther is not immensely denser 
than atmospheric air." The reason for the conclusion i«" 
groundless, but it is the conclusion itself that we have here to 
notice. He adds '^ with this great density asther possesses alio a 
very great subtlety." 

I might also reply to Prof. Bayma, by asking him why 
we should admit, in order to explain electric and optical phe- 
nomena, two substances so distinct as the repulsive envelop 
of molecules, and the attractive lUminiferous ether. The 
evidence of their similarity is much greater than of their dis- 
similarity. 

In speaking of the two ethers as subtle, it was meant that 
a large number of their atoms occupied the interstices between 
the atoms of gross matter. It was also of course recognized 
that the velocity of propagation of a wave is much greater 
through either of the ethereal fluids than through a mass of 
ordinary matter. The only apparent force in the question 
under consideration, is derived from the fact that a vague con- 
jecture is apt to be raised by it that a single ether may be 
equal to all the duty now assigned t6 both. 

To proceed with our quotations: 

What we have said on the constitution of molecules demon- 
strates indeed the necessity of granting to each molecule of pon- 
derable matter a repulsive atmosphere, which we have called the 
molecular envelope. But this envelope is not of aether, since aether 
is not repulsive. 

That is, is not of the same substance as his Inminiferons 
ether, which he regards as attractive. But the " atmosphere" 
which corresponds in its direct operation with Prof. Bayma's 
"molecular envelope" is composed of electric matter, and 
this is repulsive. It is true that I conceive the interstitial 
spaces 01 this electric matter, and the space between it and 
the central atom to be pervaded by the ether of space ; but 
the mechanical part chiefly played by this condensed univer- 
sal ether consists in its being the medium in which pulses are 
originated that constitute the force of heat repulsion. 
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Had Professor Norton known the impossibility of continuous 
matter, he would have found out that what he calls an atom of 
gross matter comprises already not only the central element of a 
molecule, but its nuclei and its envelope ; and consequently is al- 
ready endued with the properties and invested with the arrange- 
ments which enable it to exert forces of attraction and repulsiqn 
upon other molecules; without requiring any new and special 
atmosphere of electric or luminiferous sether. 

That is, in other words, as already shown, Prof. Bayma's nu- 
cleus and envelop are in all outward relations precisely cor- 
resjpondent to my central atom and electric atmosphere. The 
only essential point of difference between us lies in the fact 
that I conceive that the interstitial luminiferous ether is con- 
densed around the central atom, and is concerned in the 
E reduction of som^ of the phenomena. It is not easy to see 
ow Professor Bayma escapes the conclusion that his inter- 
stitial ether, which is attracted by the central nucleus, is 
condensed around it : still it is plain that he imagines that 
all natural phenomena are produced by the mutual actions of 
molecules composed of a central nucleus and a single repulsive 
envelop, without the intervention of any ether ; except the 
luminiferous, in the case of the phenomena of light and ra- 
diant heat. This will appear from the following quotation : 

As for the examples, by which he illustrates the theory, they 
consist of a series of phenomena of different kinds, the explanation 
of which does not show that the theory is not at ^ fault. For it 
must be remarked, that those explanations do not imply the exist- 
ence of extended atoms or of two distinct fletheriai substances ; 
and therefore the theory assumes more than is necessary for, or 
guaranteed by, the explanation of phenomena. 

When he has shown this to be true of even the ordinary 
calorific and electric phenomena, we will admit that his ob- 
jection to a second ethereal atmosphere interpenetrating the 
first, may have some force. He has given no hint of the gen- 
eral manner in which he supposes electric phenomena to be 
evolved. Heat he conceives to originate in the vibrations oi 
the molecules of bodies ; but, it can be proved almost to a 
demonstration, that heat cannot originate in this manner. 

Our author proceeds a<t follows : 

The atoms of gross matter being " indivisible " cannot be ex- 
tended, and cannot be conceived to be " spherical in form, for 
if they were extended and indivisible they would be so many 
pieces of continuous matter, which we have already proved to be 
mipossible. 
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To this I have the following replies to offer. 

1. Professor Bayma assumes that every point of matter acts 
instantaneously upon every other point, at all distances how- 
ever great or small, with a force having the same character at 
all distances, and inversely proportional to the square of tie 
distance. This may seem probable, but is not self-evideat ; 
and in fact no reason can be assigned.why one material point, 
haviDg no extent, should act upon another with a force decreas- 
ing with the distance, according to any law whatever. The 
law of inverse squares is a consequence of wave propagation, 
or of radiations along definite lines, received on a molecTile 
of definite size, and cannot be predicated of a force that acts 
instantaneously between two mathematical points. To sup- 
pose such a law is an arbitrary assumption. 

2. If matter consists of material points, as supposed hj 
Prof. Bayma, it is no more difficult to conceive of an atom 
of continuous matter, than of the space coextensive with it. 

3. It is not more difficult to conceive of an indivisihle 
atom acting as a whole upon another atom, with a certain en- 
ergy, than of a mere point acting upon another point, and 
causing it to change its place ; at the same time transferring 
to a new point all the properties it possesses. 

4. If the occult nature of the force of action of one mate- 
rial point on another, be such that the intensity becomes inde- 
finitely small at indefinitely small distances, instead of infi- 
nitely great as imagined by Prof. Bayma, tiben a collection 
of an infinite number of material points may form one inva- 
riable atom. Since the size of the atom may, in every in- 
stance, be so inappreciable in comparison with the distance 
between the nearest atoms, that there may never be any ine- 
quality of extraneous action on different points of the same 
atom, imparting different velocities to them, and so tending to 
break up the continuity of the matter. Besides, we have 
already seen that no inequality of elementary action, by rea- 
son of a difference of distance is legitimately deducible from 
Prof. Bayma's premises. 

5. In speaking of atoms of gross matter as " indivisible," 
no other ground was intended to be taken than that each atom 
was indestructible from any possible action of another atom, 
and essentially invariable in form. This does not preclude the 
idea that the atom may be an aggregation of a finite number 
of material points ; for it may be that the mutual action 
of two attractive points passes into a repulsion at exces- 
sively minute distances, and so that an atom of ordinaiy 
matter may be a system of material points, in either a statical 
or dynamical equilibrium. Indivisibility, taken in the only 
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sense in which the term can properly be used, does not then 
necessarily imply continuity, as maintained by Prof. Bayma. 

6. The assumption that each atom is ^^ spherical in form/' 
was adopted merely as the simplest embodiment of the funda- 
mental principles that the action of the atom .was equal in all 
directions, and that the attractive action upon an atom of ether 
was neutralized at minute distances by the resistance developed 
at the point of contact. The existence of such a resistance 
necessmly implies that the elementary parts of the attractive 
atom, whether finite or infinite in number, act repulsively 
at very minute distances. But another conception may be 
formed of the mode ^ of operation of an atom of gross matter, 
which involves no other supposition than that it acts equally 
outward in all directions firom a center, and takes no account 
of its geometrical extent. This is, that the effective attraction 
of the atom for the ether of space is due to the existence of a 
repulsion less than would he exerted by the one or more atoms 
of ether that would naturally occupy its place. The result 
would be the condensation of an atmosphere of ether around 
the atom, without the exertion of any (firect attractive force, 
or of any additional force of resistance. We mav conceive 
the molecular atmosphere of electric ether to origmate in a 
similar wav ; but as the opportunity of examining and test- 
ing this idea sufficiently has not yet been obtained, I shall 
continue to regard the electric ether as directly attracted by 
the atom of gross matter, and that the antagonistic force of 
resistance is furnished by the repulsion of the luminiferous 
ether condensed around the atom. 

If, in accordance with these views, we seek for a possible origin 
of gravitation^ we can find it in a primary attraction subsisting 
between atoms of gross matter. This mast be excessively fee- 
ble in comparison with " molecular forces," and modify the ef- 
fect of those forces only by creating a slight additional pressure 
of contiguous molecular atmospheres. Should we assume the 
primary actions between atoms of all kinds, to be wholly repul- ' 
sive, and the effective attraction of the gross atom for both its 
etherial atmospheres to be a mere consequence of inequalities 
of repulsion, it is conceivable that the attraction of gravitation 
might result from ethereal waves, as maintained by Professor 
Challis; — these waves having their origin in a dynamical equi- 
librium of the atmosphere of universal ether condensed around 
each atom. 

Another critical remark is the following. 

Again, sethereal substance according to the author, is repulsive ; 
now this is inconsistent with astronomical facts, as we have 
sufficiently shown. 
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The principal astronomical fact, here referred to, is that the 
planets do not encounter any sensible resistance in their motioii 
through space. The evidence of an ethereal resistance afforded 
by Encke's comet, Prof. Bayma strives to explain away with- 
out success. The fact that no sensible resistance is experienced 
by the planets does not necessarily imply, as he supposes, that 
the ether is not repulsive. For, in the firet place, if the mole- 
cules of the planetary mass have the constitution I have at- 
tributed to them, the impinging ether must take effect upon 
either the ethereal or the electric atmospheres of the molecules. 
and so may be mostly expended in the generation of heat and 
electric currents. I have in fact undertaken to show, in my 
paper on Molecular Physics, that the earth may derive its mag- 
netic condition, and a certam portion of its heat, from the im- 
pact of the ether of space. Again, if the action of gravity be 
not instantaneous it will take effect in a direction snghtly in- 
clined to the radius-vector, and, in the existing state of the plan- 
etary system, the tangential component resulting from this in- 
clination may be in equilibrium with the feeble overplus of re- 
sistance from the ether. Besides, the supposed di£Scaltyisnot 
removed by substituting an attractive for a repulsive ether. It 
'is true that when a molecule of the earth's mass enconnten sn 
atom of the ether on the line of its advance, it will, upon Prat 
Bajrma's ideas, pass through it, and leave it behind; but he 
has failed to note the fact that during the approach of the two, 
their relative velocity will be equal to the sum of the velocity 
of the earth and that due to their mutual attraction, and during 
their separation will be equal to the difference of the same veloci- 
ties, and hence that the atom of ether will continue to attract the 
molecule during a longer interval of time while the two are sep- 
arating than wnile they are approaching. The molecule will 
therefore on the whole, be retarded by the action of the . atom. 
If the attractive ether be ^| immensely denser than atmospheric 
air/' the resistance should certainly not be less than that of a 
subtile repulsive ether. If Prof Bayma should still hold to 
the same line of argument, I do not see but he must abolish 
the ether of space altogether. 

He continues : 

Moreover, the writer, after having assumed that the electric and 
luminiferouB ethers are both made up of atoms that repel each other 
assumes also that electric a?thcr attracts luminiferous sether ; for 
he admits that a molecule b formed of an atom of gross matter 
with two atmospheres, of which the first consisting of condeosed 
luminiferous sether is attracted by the other, which consists of 
electric rother. Now if the atoms of electric aether are repnlsive, 
how can they attract? So then we must conclude that Pro£ No^ 
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tonB'B theory as presented by him, in spite of the talent and learn- 
ing of its author, cannot be adopted in science. 

Prof. Bayma has here entirely misunderstood me, and rep- 
resented whiEkt I threw out as a possible and perhaps probable 
conception, to be a fundamental principle of my theory. The 
real fundamental principle was that the atoms of electric ether 
repelled each other, and it was merely conjectured that this re- 

Julsion might be due to atmospheres of luminiferous ether con- 
ensed around the electric atoms, instead of being a direct re- 
pulsive action. It is a little sin^lar that in view of this dis- 
tinct statement of the manner m which the repulsion might 
result from a possible attraction, that our author should ask the 
question, " Now if the atoms of electric ether are repulsive, how 
can they attract ?'', and thereupon intimate the existence of a 
discrepancy fatal to the theory. . It is in fact, altogether imma- 
terial whether the mutual repulsion of electric atoms is indi- 
rect as conjectured, or direct. 

It has now been made sufficiently apparent that the objec- 
tions urged against my theory of molecular physics have no real 
force, and that its fundamental principles nave not been dis- 
turbed. Whether it will ultimately be " adopted in science " 
or not, must depend upon its availability in rendering a satis- 
fiEUStory account of phenomena, and its ability to withstand the 
test of a detailed comparison with the entire range of physical 
&ct8. If life and health are granted me, I shall endeavor in 
^good time to ^ow, to the satisfaction of every candid mind, 
that the natural phenomena and experimental results, with their 
laws and features of diversity, that make up the different de- 
partments of Physics, are legitimately deducible from the funda- 
mental principles of the theory; and that it presents claims to 
acceptance superior to those which can be urged in favor of any 
other theory. 

The attempt to deduce the existing constitution of things 
and prominent phenomena, by Prof. Bayma from his fundamen- 
tal ideas, so far as made, has certainly failed at several impor- 
tant points. To specify one or two of these. He obtains a 
curve of molecular action, that represents a repulsion at the 
smallest distances succeeded by an attraction at greater distances. 
Tills can only be made to represent the three states of bodies 
I by conceiving the molecules of a gas to be in such a condition 
that if it were entirely freed from pressure, it would expand in- 
to a liquid. We know that many ^ases can be compressed into 
a liquid, but it is altogether gratuitous to suppose that they 
could be brought into a similar condition by a diminution of 
pressure. Experiment has given no indication of such a resalt 
or tendency. 
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Heat and light he conceives to originate in vibrations of gro6B 
molecules^ but against this notion, as I shall take another oc- 
casion to show, insuperable objections may be urged. If tins 
be given up, his iexplanation of 'the changes of the state of 
bodies must also be abandoned. 

The doctrine that ^* transparent bodies transmit rays of lig^t 
by the motions of their own molecules " will hardly be accepted, 
we think, by physicists. It would be a waste of time to aigoe 
against it. 

A^ain the notion that a certain substance radiates light of a 
certain color because its molecules are made to vibrate in 
unison with the ray of that color, will not stand; for the 
results of spectral analysis show that the parts of a body 
which are capable by vibration of giving out any color, 
are precisely those which absorb and stifle that color. This 
fact, we may add, also proves conclusively that the rays 
cannot be transmitted by the motion of the molecules. Though 
so radically at variance with Prof. Bayma's theoretical views, 
it is in entire accordance with my own, for according to these, 
light originates in certain vibratory movements of the atoms of 
the electric atmospheres of molecules, and when these vibrate 
naturally in unison with the ray of any color that falls upon 
them, they take up its vis viva, and so the ray is transfoimed 
into a molecular electric current. 

As to the " leading principles " laid down by the author, they 
may in the main be conceded; but these by no means cover the 
whole ground upon which his theory is raised. We find, for 
example, that he assumes that all elements or material points 
of the same form of matter act, under similar circumstances, 
with the same intensity. Now if this principle be admitted, 
what theoretical basis have we for the existence of distinct 
primitive molecules for every different substance; — ^the number 
of elements associated together being exactly the same for each 
primitive molecule of each substance, and different for primi- 
tive molecules of different substances. The natural tendency 
would be to a fortuitous association of elements in an endless 
variety of numbers, into groups. No controlling principle by 
which uniformity would be evolved from chaotic confusion, u 
furnished by the theory. The Hand of the Creator must be 
supposed to have miraculously interfered, and guided each de- 
ment to its precise place, in the formation of every molecule of 
matter. The objection here urged, derives still greater force 
from the consideration that both the nucleus and envelop of 
each specific molecule are assumed to have a regular geometrical 
form, different for each substance. To assume the existence of 
such molecules, is to make an incalculable number of arbitnuj 
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assuinptions. No snch exception can be taken to the views I 
have advocated. For primarily each specific atom of gross at- 
tractive matter must appropriate to itself from the universally 
diffused repulsive ethers, its electric and its ethereal atmosphere, 
each of a certain definite extent Upon the relations of these 
specific atmospheres to the central atom and to one another, all 
tne different properties of each specific molecule must depend. 

We have already seen that the principle that one material 
point acts upon another, instantaneously, without the interven- 
tion of any medium, is opposed to the fundamental idea that 
the force exerted is inversely proportional to the square of the 
distance. This law, to say the least, is an arbitrary assumption 
in the premises. The author also conceives that the mutual 
action of two material points, is in no degree and under no cir- 
cumstances intercepted by another intervening point. But we 
know that in the case of the molecular forces, the amount of 
vis viva expended in imparting motion to one particle is ab- 
stracted from the force in action, and according to Prof. Bayma, 
the molecular forces are of the same nature as the forces sub- 
sisting between the material elements. The force of gravity, it 
. is true, is not sensibly intercepted, but this does not prove that 
a tendency to interception does not exist; for, upon the sup- 
position of a wave transmission of the force, the effective at- 
traction of any molecule may be the mere differential of the ac- 
tual force transmitted, and besides, in the circular revolution 
of a planet the distance from the sun remains unchanged. 

My own doctrine is, that the molecular forces, including the 
heat-repulsion, are dynamical forces, transmitted by wave-prop- 
agation and developed by the primary forces of attraction and 
repulsion, subsisting between the atoms of gross matter 
and those of the electric matter and the ether of space. The 
primary forces determine the electric and ethereal atmospheres 
of molecules, originate the molecular forces proper, and also 
when an inequality of electric condition is produced on two con- 
tiguous molecules or bodies, by molecular actions, gives rise to 
the special forces of electric attraction and repulsion. The 
waves of heat and light originate in the ethereal atmospheres of 
molecules, and are developed by vibrations of the atoms of the 
electric atmospheres, toward and from the center of each mole 
cule and the region of ethereal disturbance. By reason of the 
varying conditions of equilibrium the rate of vibration increases, 
and its intensity or vis viva, decreases, in proportion as the elec- 
tric atom is more remote from the center of the molecule. Thus, 
of the different colored rays, the red proceeds from the lowest 
depth in the electro-ethereal atmospnere. The obscure heat 
rays originate at a still lower depth. Heat and ligbt ma^ ^^^ 
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originate in the space between two molecnleB in the act of com- 
bination, or near approach, by reason of the condensation of 
the interstitial electric ether toward the line of the centers^ re- 
suiting from the oblique attractive action of the molecules. In 
this condensation of the electric ether between molecules that 
are urged nearer to each other, and the expansion of the same 
when tbey are separated, we find the key to the explanation of 
the different modes of electric excitation (that of the galvanic 
current included). The secret of the intimate relations between 
electricity and heat and light, is obvious in view of what has 
been stated. 
The ethereal atmospheres of molecules, besides playing the 

Sart already signalized, are the chief determining cause of the 
iverse phenomena that attend the transmission ofiight throng 
transparent media. Thus refraction is chiefly due to the ro> 
tardation attending the propagation of the ray around from one 
side to the other of the molecular atmospheres ; diapereton^ of 
the rays in the spectrum, to the fact that the rays of the grat- 
est intensity, and slowest rate of vibration, penetrate to the 
greatest depth in the molecular atmospheres, pass around in 
smaller circles, and thus suffer the least retardation; and doMe 
refraction to the fact that the atmospheres have a spheroidal 
form, owing to unequal molecular compression on different sides. 



Art. XV. — On Faraday as a Discoverer ; byJoHK Tyndall, 

F.R.8.« 

[Continued from page 51.] 
Points of Character. 

A POINT highly illustrative of the character of Faraday now 
comes into view. He gave an account of his discovery of mag- 
neto-electricity in a letter to his friend M. Hachette, of PtfiSi 
who communicated the letter to the Academy of ScienoeSb 
The letter was translated and published; and immediately after- 
ward two distinguished Italian philosophers took up the sub- 
ject, made numerous experiments, and published their lesnlts 
before the complete memoirs of Faraday had met the public 
eye. This evidently irritated him. He reprinted the paper of 
the learned Italians in the ^ Philosophical Magazine/ accom- 

I)anied by sharp critical notes from himself. He also wrote a 
etter dated Dec. Ist, 1832, to Gay Lussac, who was then one 
of the editors of the ^ Annales de Chimie,' in which he analysed 
the results of the Italian philosophers, pointing out their erroTB, 

* From the Report of the Royal Institution of Great 
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and defending himself from what he regarded as imputations 
on his character. The style of this letter is unexceptionable, 
for Faraday could not write otherwise than as a gentleman; but 
the letter shows that had he willed it, he could have hit hard. 
We have heard much of Faraday's gentleness and sweetness 
and tenderness. It is all true^ but it is very incomplete. You 
cannot resolve a powerful nature into these elements, and Far- 
aday's character would have been less admirable than it was, 
had it not embraced forces and tendencies to which the silky 
adjectives " gentle ** and " tender " would by no means apply. 
Underneath his sweetness and gentleness was the heat of a vol- 
cano. He was a man of excitaUe and fiery nature ; but through 
high self-discipline he had converted the fire into a central glow 
and motive power 0/ life, instead of permitting it to waste 
itself in useless passion. '^ He that is slow to anger,'' saith the 
sage, ^' is greater than the mighty, and he that ruleth his own 
spirit than he that taketh a cit^." Faraday was not slow to 
anger, but he completely ruled his own spirit, and thus, though 
he took no cities, he captivated all hearts. 

As already intimated, Faraday had contributed many of his 
minor papers — ^including his first analysis of caustic lune — ^to 
the ^ Quarterly Journal of Science.' In 1832 he collected those 
papers and others, together in a small octavo volume, labelled 
them, and prefaced them thus: — 

"PAPERS, NOTES, NOTICES^ Ac, Ac, 

published in octavo, 

up to 1882. 

M. Faraday." 

" Papers of mine published in octavo, in Quarterly Journal of 
Sciencey and elsewhere, since the time that Sir H. Davy encouraged 
me to write the analysis of caustic lime. 

** Some, I thiok, (at this date) are good ; others moderate ; and 
some bad. But I have put all into the volume, because of the util- 
ity they have been of to me, — and none more than the bad, — ^in 
Kinting out to me in future, or rather, after times, the faults it 
came me to watch and to avoid. 

" As I never looked over one of my papers a year after it was 
written, without believing both in philosophy and manner it could 
have been much better done, I still hope tne collection may be of 
great use to me. 

''Ausr. 18, 1832.'' "M. Faraday. 

/'None more than the bad I" This is a bit of Faraday's 
innermost nature; and as I read these words, I am almost con- 
strained to retract what I have said regarding the fire and exci- 
tability of his character. But is he not all tne more admirable 
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through his ability to tone down and subdue that fire and that 
excitability, so as to render himself able to write thuB as a lit- 
tle child ? I once took the liberty of censuring the oonclunfm 
of a letter of his to the Dean of St. Paul's. He Bubscribed 
himself " humbly yours," and I objected to the adverb. " Well, 
but, Tyndall," he said, ^^ I am humble; and still it would be a 
great mistake to think that I am not also proud." This duality 
ran through his character. A democrat in his defiance of aU 
authority which unfairly limited his freedom of thoughti and 
still ready to stoop in reverence to all that was really worthy of 
reverence, in the customs of the world or the characters of men. 
And here, as well as elsewhere, may be introduced a letter 
which bears upon this question of self-control, written loiu; 
years subsequent to the period at which we have now arrivea 
I had been at Glasgow in 1855, at a meeting of the Britidi 
Association. On a certain day, I communicated a paper to the 
physical section, which was followed by a brisk discussion. Moi 
of great distinction took part in it, the late Dr. Whewdl among 
the number, and it waxed warm on both sides, I was by no 
means content with this discussion; and least of all with my 
own part in it. This discontent affected me for several daySi 
during which I wrote to Faraday, givii^himno details, but to- 
pressing in a general way my dissatisraction. I give the fol- 
lowing extract from his reply: — 

Sydenham, 6th Oct.^ 1855. 
"My dear Tyndall, 

" Tliesc great meetings, of which I think very well altogether, 
advance Bciencc chiefly by bringing scientific men together, and 
making them to know and be fnends with each other ; and I am 
sorry when that is not tlie effect in every part of their course.' I 
know nothing except from what you tell me, for I have not yet 
looked at the reports of the proceedings ; but let me, as an old 
man, who ought by this time to have profited by experience, say 
that when I was younger, I found I often misinterpreted the inten- 
tions of people, and found they did not mean what at the time I 
supposed they meant ; and, further, that as a gcnerul rule, it was 
better to be a little dull of apprehension, where phrases seemed to 
imply pique, and quick in perception, when on the contrary theV 
seemed to imply kindly feeling. The real truth never fails ulto- 
mately to appear ; and opposing parties if wrong, are sooner cod- 
vinced when replied to forbcaringly, than when overwhelmed. All 
I mean to say is, that it is better to be blind to the results of par 
tisanship, and quick to see good will. One has more happinees in 
oneself, in endeavoring to follow the things that make for palace. 
You can hardly imagine how often I have been heated in private 
when opposed, as I have thought unjustly and superciliously, and 
yet I have striven, and succeeded I hope, in keeping down replies 
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of the like kind. And I know I have never lost by it. I would 
not sav all this to you did I not esteem you as a true philosopher 
and fhend.* 

" Tours, very truly, M. Fabaday." 

IdtntUy of Electricities: First Researches on Electro- Chemistry. 

I have already once used the word "discomfort'' in reference 
to the occasional state of Faraday's mind when experimenting. 
It was to him a discomfort to reason upon data which admitted 
of doubt. He hated what he called " doubtful knowledge," 
and ever tended either to transfer it into the region of undoubt- 
ful knowledge, or of certain and definite ignorance. Pretence 
of all kinds, whether in life or philosophy, was hateful to him. 
He wished to know the reality of our nescience as well as of our 
science. " Be one thing or the other," he seemed to say to an 
unproved hypothesis, " come out as a solid truth, or disappear 
as a convicted lie." After making the great discovery which I 
have attempted to describe, a doubt seemed to beset him as re- 
gards the iaentity of elegtricities. " Is it right," he seemed to 
ask, " to call this agency which I have discovered, electricity 
at all ? Are there perfectly conclusive grounds for believing 
that the electricity of the machine, the pile, the gymnotus and 
torpedo, magneto-electricity and thermo-electricity, are merely 
difterent manifestations of one and the same agent ?" To an- 
swer this question to his own satisfaction, he formally reviewed 
the knowledge of that day. He added to it new experiments 
of his own, and finally decided in favor of the " Identity of 
Electricities." His paper upon this subject was read before the 
Boyal Society on the 10th and 17th of January, 1833. 

After he had proved to his own satisfaction the identity of 
electricities, he tried to compare them quantitatively together. 
The terms quantity and intensity, which Faraday constantly 
used, need a word of explanation here. He might charge a 
single Leyden jar by twenty turns of his machine, or he might 
charge a battery of ten jars by the same number of turns. The 
quantity in both cases would be sensibly the same, but the in- 
termty of the single jar would be the greatest, for here the elec- 
tricity would be less diffused. Faraday first satisfied himsdf 
that the needle of his galvanometer was caused to swing through 
the same iirc by the same quantity of machine electricity, 
whether it was condensed in a small battery or diffused over a 

* Faraday would have been rejoiced to learn that, during its last meetings at 
Dundee, the British Association illustrated in a striking manner the function 
which he here describes as its principal one. In my own case, a brotherly wel- 
come was everywhere manifested. In fact, the differences of really honorable 
and sane men are never beyond healing. 
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large one. Thus the electricity developed by thirty turns of tii 
machine produced, under very variable conditionB of battery 
surface, the same deflection. Hence he inferred the possibility 
of comparing, as regards quantity, electricities wnich diffiff 
greatly from each other in intensity. 

His object now is, to compare frictionalwith voltaic electric- 
ity. Moistening bibulous paper with the iodid of potassinm 
— a favorite test of his — and subjecting it to the action of ma- 
chine electricity, he decomposed the iodid, and formed a brown 
spot where the iodid was liberated. Then he immersed two 
wires, one of zinc, the other of platinum, each yVth of an indi 
in diameter, to a depth of f ths of an inch in acidulated water 
during eight beats of his watch, or ^^^ths of a second; and 
found that the needle of his ^vanometer swung throujg^ the 
same arc, and colored his moistened paper to the same extent, 
as thirty turns of his lar^e electrical machine. Twenty-ek;lit 
turns of the machine produced an effect distinctly less than mat 
produced by his two wires. Now the quantity of water decom- 
posed b^ the wu*es in this experiment, totally eluded olmervation; 
it was immeasurably small; and still that amount of decom- 
position involved the development of a quantity of electric foroe 
which, if applied in its proper form would kill a rat, and no 
man would like to bear it. 

In his subsequent researches ^^ on the absolute quantity of 
electricity associated with the particles or atoms of matter," 
he endeavors to give an idea of the amount Of electrical force 
involved in the decomposition of a single grain of water. He 
is almost afraid to mention it, for he estimates it at 800,OGO 
discharges of his large Leyden battery. This, if concentrated 
in a single discharge, would be equal to a very great flash of 
lightning; while the chemical action of a single grain of water 
on four grains of zinc would yield electricity equal in quantity 
to a powerful thunderstorm. Thus his mind rises from the mi- 
nute to the vast, expanding involuntarily from the smallest lab- 
oratory fact till it embraces the largest and grandest of natural 
phenomena* 

In reality, however, he is at this time only clearing his way, 
and he continues laboriously to clear it for some time afterward. 
He is digging the shaft, guided by that instinct toward the 

* Buff finds tho quantity of electricity associated with one mOIi^rain of hj- 
drogen in water, to be equal to 45 4S0 chai|;e8 of a Lejden Jar, with ahei^tof 
480 millimetres, and a diameter of 160 millimetres. Weber and Kohlrausch hire 
calculated that if the quantity of electricity associated with one milligram of 
hydrogen in water, were diffused over a cloud at a height of 1,000 metres aboTe 
the earth, it would exert upon an equal quantity of the opposite electricity at the 
earth's surface an attractive force of 2,268,000 kilograms. — Electrolyiiache Mios- 
hestimmungen^ 1866, p. 262. 
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mineral lode which was to him a rod of divination. '^ Er riecht 
die WahrheUj' said the lamented Eohlrausch, an eminent Ger- 
man, once in my hearing:^— ^^ He smells the truth." His eyes 
are now iHeadily fixed on this wonderful voltaic current, and he 
must learn more of its mode of transmission. 

On the 23d of May, 1833, he read a paper before the Boyal 
Society, " On a new Law of Electric Conduction." He found 
that tnough the current passed through water, it did not pass 
through ice:—* why not^ smce they are one and the same sub- 
stance ? Some years subsequently he answered this question 
by saying that the liquid condition enables the molecule of wa- 
ter to turn round so as to place itself in the proper line of po- 
larisation, while the rigidity of the solid coniution prevents this 
arrangement. This polar arrangement must precede decom- 

S^sition, and decomposition is an accompaniment of conduction. 
e then passed on to other substances; to oxdys and chlorids, 
and iodi(is, and salts, and sulphurets, and found them all in- 
sulators when solid, and conductors when fused. In all cases 
moreover, except one — and this exception he thought might be 
apparent only — ^he found the passage of the current across the 
fused compound to be accompanied by its decomposition. Is 
then the act of decomposition essential to the act of conduc- 
tion in these bodies ? Even recently this question was warmly 
contested. Faraday was very cautious latterly in expressing 
himself upon this subject; but as a matter of fact he held that 
an infinitesimal quantity of electricity might pass through a 
compound liquid without producing its decomposition. De la 
Bive, who has been a great worker on the chemical phenomena 
of the pile, is very emphatic on the other side. Experiment, 
according to him and others, establishes in the most conclusive 
manner that no trace of electricity can pass through a liquid 
compound without producing its equivalent decomposition.^ 

Faraday has now got fairly entangled amid the chemical phe- 
nomena of the pile, and here his previous training under Davy 
must have been of the most important service to him. Why, 
he asks, should decomposition thus take place ? what force is 
it that wrenches the locked constituent of these compounds 
asunder ? On the 20th of June, 1833, he read a paper before 
the Boyal Society " On Electro-Chemical Decomposition," in 
which he seeks to answer these questions. The notion has been 
entertained that the poles as they are called, of the decompo- 
sing cell, or in other words the surfaces by which the current 
enters and quits the liquid, exercised electric attractions upon 

♦ * Faraday, sa Vie et ses Travaux,' p. 20. 
Am. Jour. Sci.— Sbcokd Series, Vol. XLVI, No. 187.— Sept., 1868. 
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the constituents of the liquid and tore them asunder. Fara- 
day combats this notion with extreme vigor. LitmnB reveab, 
as you know, the action of an acid by turning red^ turmeric r^• 
veals the action of an alkali by turning brown. Sulphate of 
soda, you know, is a salt compounded of the alkali soda and 
sulphuric acid. The voltaic current passing through a solution 
of this salt so decomposes it, that sulphuric acia appean at 
one pole of the decomposing cell and alkali at the other. Far- 
aday steeped a piece of litmus paper and a piece of turmeric 
paper in a solution of sulphate of soda; placing each of them 
upon a separate plate of glass, he connected them together hj 
means of a string moistened with the same solution. He then 
attached one of them to the positive conductor of an dectric 
machine, and the other to the gas-pipes of this building. These 
he called his ^^ discharging train/^ On turning the machine, 
the electricity passed from paper to paper through the string, 
which might be varied in length from a few inches to seventy 
feet without changing the result. The first paper was reddened, 
declaring the presence of sulphuric acid; the second was browned, 
declaring the presence of the alkali soda. The dissolved salt, 
therefore, arranged in this fashion was decomposed by the ma- 
chine exactly as it would have been by the voltaic cuiroit 
When instead of using the positive conductor he used the neg- 
ative, the positions of the acid and alkali were reversed. Thus 
he satisfied himself that chemical decomposition by the machine 
is obedient to the laws which rule decomposition by the pile. 

And now he gradually abolishes these so-called poles to the 
attraction of which electric decomposition had been ascribed. 
He connected a piece of turmeric paper moistened with the 
sulphate of soda with the positive conductor of his machine; 
then he placed a metallic point in connection with his dis- 
charging train opposite the moist paper, so that the electridtj 
shall discharge through the air toward the point. The turning 
of the machine caused the corners of the piece of turmeric paper 
opposite to the point to turn brown, thus declaring the presence 
of alkali. He changed the turmeric for litmus paper, and 
placed it not in connection with his conductor, but with his 
discharging train, a metallic point connected with the con- 
ductor being fixed at a couple of inches from the paper; on 
turning the machine, acid was liberated at the edges and cor- 
ners of the litmus. He then placed a series of pomted pieces 
of paper, each separate piece being composed of two halves, 
one of litmus and the other of turmeric paper, and all moisten- 
ed with sulphate of soda, in the line of current from the ma- 
chine. The pieces of paper were separated from each other by 
spaces of air. The machine was turned; and it was always 
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found that at the point where the electricity entered the paper, 
litmus was reddened, and at the point where it quitted the paper, 
turmeric was browned. " Here," he urges, " the poles are en- 
tirely abandoned, but we have still electro-chemical decompo- 
sition." It is evident to him that instead of bein^ attradtd 
by the poles, the bodies separated are gected by wie current. 
The effects tnus obtained with poles of air he also succeeded in 
obtaining with poles of water. The advance in Faraday's own 
ideas made at this time is indicated by the word " ejected." 
He afterwards reiterates this view: the evolved substances are 
expeUed from the decomposing body and ^^ not drattm out by an 
attraction'* 

Having abolished this idea of polar attraction, he proceeds 
to enunciate and develop a theory of his own. He refers to 
Davy's celebrated Bakerian Lecture given in 1606, which he 
says " is almost entirely occupied in the consideration of electro- 
chemical decompositions." The facts recorded in that lecture 
Faraday regards as of the utmost value. But ^^ the mode of 
action by which the effects take place is stated very generally; 
so generally indeed, that probably a dozen precise schemes of 
electro-chemical action might be drawn up, differing essentially 
from each other, yet all agreeing with the statement there 
given." 

It appears to me that these words might with justice be ap- 
plied to Faradajr's own researches at this time. They furnish 
us with results of permanent value; but little help can l>e found 
in the theory advanced to account for them. It would, perhaps, 
be more correct to say that the theory itself is hardly present- 
able in any tangible form to the intellect. Faraday looks, and 
rightly looks, into the heart of the decomposing body itself: he 
sees, and riglitly sees, active within it the forces which produce 
the decomposition, and he rejects, and rightly rejects, the notion 
of external attraction; but beyond the hypothesis of decompo- 
sitions and recompositions, enunciated and developed by Gro- 
thuss and Davy, he does not, I think, help us to any definite 
conception as to how the force reaches the decomposing mass 
and acts within it. Nor, indeed, can this be done, until we 
know the true physical process which underlies what we call an 
electric current. 

Faraday conceives of that current as " an axis of power 
having contrary forces exactly equal in amount in opposite di- 
rections:'' but this definition, though much qpioted and circu- 
lated, teaches us nothing regarding the current. An "axis" 
here can only mean a direction; and what we want to be able 
to conceive of is, not the axis alon^ which the power acts, but 
the nature and mode of action of the power vte^Vi. ^^ " 
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to the Tagneness of Do la Bive; but the &ct is that both be 
and De la Bive labor under the same difficulty. Neither wishes 
to commit himself to the notion of a current oompoanded of 
two electricities flowing in two opposite directions; but the 
time had not come, nor is it yet come, for the displacement of 
this provisional fiction by the true mechanical conoeptioD. 
Stilly however indistinct the theoretic notions of Faraday at 
this time may be, the fsM^ts which are arising before him and 
around him are leading him gradually, but surely, to results of 
incalculable importance in relation to the philosophy of the 
voltaic pile. 

He had always some great object of research in view, but in 
the pursuit of it, he frequently alighted on facta of collateral 
interest, to examine which he sometimes turned aside from hie 
direct course. Thus we find the series of his researches on 
electro-chemical decomposition interrupted by an inqoiiy into 
^^ the power of metals and other solids, to induce the combina- 
tion of gaseous bodies.'' This in<niiry, which was received bj 
the Boyal Society on the 30th of November, 1833, though not 
so important as those which precede and follow it, illostratei 
throughout his strength as an experimenter. The power of 
spongy platinum to cause the combination of oxygen and hy- 
drogen had been discovered by Dobereiner in 1^3, and had 
been applied by him in the construction of his well-known phi- 
losophic lamp. It was shown subsequently by Dulong and 
Thenard that even a platinum wire^ when perfectly cdeaoaed, 
may be raised to incandescence by its action on a jet of cold 
hydrogen. 

In his experiments on the decomposition of water, Faraday 
found that the positive platinum plate of the decomposing cell 
possessed in an extraorcunary degree, the power of causinff oxy- 
gen and hydrogen to combine. He traced the cause of u6b to 
the perfect cleanness of the positive plate. Against it was lib- 
erated oxygen, which with the powerful affinity of the *' nascent 
state," swept away all impurity from the surface against which 
it was liberated. The bubbles of gas liberated on one of the 
platinum plates or wires of a decomposing cell are always much 
smaller, and they rise in much more rapid succession than those 
from the other. Knowing that oxygen is sixteen times heavier 
than hydrogen, I have more than once concluded, and. I fear, 
led others mto the error of concluding, that the smaller and 
more quickly rising bubbles must belong to the lighter gas. 
The thine appeared so obvious that I did not give myself the 
trouble of looKing at the battery, which would at once have 
told me the nature of the gas. But Faraday would never have 
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been satifified with a deduction if he could have reduced it to 
a fact. And he has taught me that the fact here is the direct 
reverse of what I suppos^ it to be. The small bubbles are oxy- 
gen, and their smallness is due to the perfect cleanness of the 
surface on which they are liberated. The hydrogen adhering 
to the other electrode swells into large bubbles, which rise in 
much slower succession; but when the current is reversed, the 
hydrogen is liberated upon the cleansed wire, and then its bub- 
bles also become small. 

Laws of EUetrO' Chemical Decomposition, 

In our conceptions and reasonings regarding the forces of 
nature, we perpetually make use of symbols which, when they 
possess a high representative value, we dignify with the name 
of theories. Thus prompted by certain analogies, we ascribe 
electrical phenomena to the action of a peculiar fluid, sometimes 
flowing, sometimes at rest. Such conceptions have their ad- 
vantages and their disadvantages; they afford peaceful lodging 
to the intellect for a time, but they also circumscribe it, and by 
and by, when the mind has ^rown too large for its lodging, it 
often finds difficulty in breaking down the walls of what has 
become its prison instead of its home.^ 

No man ever felt the tyranny of symbols more deeply than 
Faraday, and no man was ever more assiduous than he to lib- 
erate himself from them and the terms which suggested them. 
Calling Dr. Whewell to his aid in 1833, he endeavored to dis- 
place by others all terms tainted by a foregone conclusion. His 
Saper on Electro-chemical decomposition, received by the Boyal 
ociety on the 9th of January, 1834, opens with the proposal 
of a new terminology. He would avoid the word " current " if 
he could. t He does abandon the word " poles " as applied to 
the ends of a decomposing cell, because it suggests the idea of 
attraction, substituting for it the perfectly neutral term dec- 
trades. He applied the term electrolyte to every substance 
which can be decomposed by the current, and the act of de- 
composition, he calls electrolysis. All these terms have be- 
come current in science. He called the positive electrode the 
AnodCy and the negative one the Cathode, but these terms, 
though frequently used, have not enjoyed the same currency as 

* I copy these words iVoin the printed abstract of a Friday evening lecture, 
given by myself^ because they remind me of Faraday's voice responding to the 
utterance by an emphatic hear t hear t — Proceedings of (he Royai Institution^ vol. 
ii, p. 132. 

f In 1838 he expresses himself thus: — '*The word current is so expressive in 
common language that when applied in the consideration of electrical phenomena. 
we can har^y divest it sufficiently of its meaning, or prevent our minds from be- 
ing prejudiced by it.*'— JSvp. Researches, vol 1, p. 515, (§ 1617.) 
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the others. The terms Anion and Cationy which he applied to 
the coDstituents of the decomposed electrolyte, and the term tbn, 
which included both anions and cations, are still less frequently 
employed. 

Faraday now passes from terminology to research; he sees tlie 
necessity of quantitive determinations, and seeks to supply him- 
self with a measure of voltaic electricity. This he finds in the 
quantity of water decomposed by the current. He tests this 
measure in all possible ways, to assure himself that no enor can 
arise from its employment. He places in the course of one and 
the same current, a series of ceils with electrodes of di£fereiit 
sizes, some of them plates of platinum, others merely platinmn 
wires, and collects the gas liberated on each distinct pair of elso- 
trodes. He finds the quantity of gas to be the same for alL 
Thus he concludes that when the same quantity of electricity 
is caused to pass through a series of cells containing acidulated 
water, the electro-chemical action is independent of the sise of 
the electrodes. He next proves that variations in intensity do 
not interfere with this equality of action. Whether his batteiy 
is charged with strong acid or with weak; whether it oonsists 
of five pairs or fifty pairs; in short, whatever be its souoe, 
when the same current is sent through his series of cells^ the 
same amount of decomposition takes plaee in all. He next as- 
sures himself that the strength or weakness of his dilute acid 
does not interfere with this law. Sending the same current 
through a series of cells containing mixtures of sulphuric add 
and water of different strengths, he finds, however the propor- 
tion of acid to water might vary, the same amount of gas to be 
collected in all the cells. A crowd of facts of this character 
forced upon Faraday's mind the conclusion that the amount of 
electro-chemical decomposition depends, not upon the size of 
the electrodes, not upon the intensity of the current, not upon 
the strength of the solution, but solely upon the quantity of 
electricity which passes through the cell. The quantity of elec- 
tricity, he concludes, is proportional to the amount of chemical 
action. On this law Faraday based the construction of his 
celebrated voltameter, or measurer of voltaic electricity. 

But before he can apply this measure he must clear his ground 
of numerous possible sources of error. The decomposition of 
his acidulated water is certainly a direct result of the current; 
but as the varied and important researches of MM. Becquerel, 
De la Bive, and others had shown, there are also Becondarg 
actions, which may materially interfere with and complicate the 
pure action of the current. These actions may occur in two 
ways : either the liberated ion may seize upon the electrode 
against which it is set free, forming a chemical compound with 



Faraday as a Diaoaverer. 191 

that electrode; or it may seize upon the Bubstance of the elec- 
trolyte itself, and thus introduce into the circuit chemical ac- 
tions over and above those due to the current. Faraday sub- 
jected these secondary actions to an exhaustive examination. 
Instructed by his experiments, and rendered competent by them 
to distinguidi between primary and secondary results, he pro- 
ceeds to establish the doctrine of ^^ definite electro-chemical de- 
composition/' 

Into the same circuit he introduced his voltameter, which 
consisted of a graduated tube filled with acidulated water and 
provided with platinum plates for the decomposition of the 
water, and also a cell containing chlorid of tin. Experiments al- 
ready referred to had taught him that this substance, though an 
insulator when solid, is a conductor when fused, the passage of 
the current being always accompanied by the decomposition of 
the chlorid. He wished now to ascertain what relation this 
decomposition bore to that of the water in his voltameter. 

Completing his circuit, he permitted the current to continue 
until ^^ a reasonable quantity of gas'' was collected in the vol- 
tameter. The circuit was then broken, and the quantity of tin 
liberated, compared with the quantity of gas. The weight of 
the former was 3 '2 grains, that of the latter 0*49742 of a grain. 
Oxygen, as you know, unites with hydrogen in the proportion 
of 8 to 1 to form water. Calling the equivalent, or, as it is 
sometimes called, the atomic weight of hydrogen 1, that of oxy- 
gen is 8; that of water is consequently 8+1, or 9. Now it 
the quantity of water decomposed in Faraday's experiment be 
represented by the number 9, or in other words, by the equiva- 
lent of water, then the quantity of tin liberated irom the fused 
chlorid is found by an easy calculation to be 57*9, which is al- 
most exactly the chemical equivalent of tin. Thus both the 
water and the chlorid were broken up in proportions expressed 
by their respective equivalents. The amount of electric force 
which wrenched asunder the constituents of the molecule of 
water was competent, and neither more nor less than com- 
petent, to wrench asunder the constituents of the molecules of 
the chlorid of tin. This fact is typical. With the indications 
of his voltameter he compared the decomposition of other sub- 
stances both singly and in series. He submitted his conclusions 
to numberless tests. He purposely introduced secondary actions. 
He endeavored to hamper the fulfilment of those laws which 
it was the intense desire of his mind to see established. But 
from all these difficulties, emerged the golden truth, that under 
every variety of circumstances, the decompositions of the voltaic 
current are as definite in their character as those chemical com- 
binations which gave birth to the atomic theory. T1a\% V^sii <^S. 
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electro-chemical decomposition ranks, in point of importance, 
with that of definite combining proportions in chemistiy. 

Origin of Power in ih$ Voltaic Pile. 

In one of the public areas of the town of Como stands a 
statute, with no inscription on its pedestal save that of a sinrie 
name, ^^ Yolta/' The bearer of that name occuj^ies a place tor 
ever memorable in the history of science. To him we owe the 
discovery of the voltaic pile, to which, for a brief interval, we 
must now turn our attention. 

The objects of scientific thought being the passionless lawB 
and phenomena of external nature, one might snppose that 
their investigation and discussion would be completely with- 
drawn from the region of the feelings, and pursned by tne cold 
dry light of the intellect alone. Tms, however, is not always 
the case. Man carries his heart with him into all his woifa. 
You cannot separate the moral and emotional from the intdlee- 
tual ; and thus it is that the discussion of a point of science 
may rise to the heat of a battle-field. The fight between the 
rival optical theories of Emission and Undulation was of tiiis 
fierce character ; and scarcely less fierce for many yean was the 
contest as to the ori^n and maintenance of the power of the 
voltaic pile. Volta himself supposed it to reside in the con- 
tact of difierent metals. Here was exerted his *' electro-motive 
force," which tore the combined electricities asunder and drove 
them as currents in opposite directions. To render the circn- 
lation of the current possible, it was necessary to connect the 
metals by a moist conductor ; for when any two metals were 
connected by a third, their relation to each other was such that 
a complete neutralization of the electric motion was the result 
Volta's theory of metallic contact was so clear, so beantifiil, 
and apparently so complete, that the best intellects of Europe 
accepted it as the expression of natural law. 

Yolta himself knew nothing of the chemical phenomena of 
the pile ; but as soon as these became known, suggestions and 
intimations appeared that chemical action, and not metallic 
contact, might be the real source of voltaic electricity. This 
idea was expressed by Fabroni in Italy and by Wollaston in 
England. It was developed and maintained by those '' admir- 
able electricians," Becquerel, of Paris, and De la Bive. of 
Geneva. The contact tneory, on the other hand, received its 
chief development and illustration in Germany. It was long 
the scientific creed of the great chemists and natural philos- 
ophers of that country, and to the present hour there may be 
some of them unable to liberate themselves from the fascination 
of their first-love. 
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After the researches which I have endeavored to place before 
you, it was impossible for Faraday to avoid taking a side in 
this controversy. He did so in a paper ^^ On the Mectricitv of 
the Voltaic Pile/' received by the Koyal Society^ on the 7th of 
April, 1834. His position in the controverqr nught have been 
predicted. He saw chemical e£Fects going nand-in-hand with 
electrical effects, the one being proportioiud to the other ; and, 
in the paper now before ns, he proved that when the former 
were excmded, the latter were sought for in vain. He pro- 
daced a current witiiont metallic contact; he discovered liquids 
which, though competent to transmit the feeblest currents — 
competent tnerefore to allow the electricity of contact to flow 
through them if it were able to form a current — ^were absolutely 
powerless when chemically inactive. 

One.of the very few experimental mistakes of Faraday oc- 
curred in this investigation. He thought that with a single 
voltaic cell he had obtained the spark b^ore the metals touchedy 
but he subsequently discovered his error. To enable the voltaic 
apark to pass through air before the terminals of the battery 
were united, it was necessary to exalt the electro-motive force 
of the battery by multiplying its elements ; but all the elements 
Faraday possessed were unequal to the task of urgine the spark 
' across the shortest measurable space of air. Nor, indeed, could 
Hie action of the battery, the different metals of which were in 
contact with each other, decide the point in question. Still as 
regards the identity of dectricities from various sources, it was 
at that day of great importance to determine whether or not 
the voltaic current could jump as a spark across an interval 
before contact Faraday's mend, Mr. Gktssiot, solved this 
problem. He erected a batteij of 4000 cells, and with it urged 
a stream of sparks from terminal to terminal, when separated 
£rom each other by a measurable space of air. 

The memoir on the " Electricity of the Voltaic Pile," pub- 
lished in 1834, appears to have produced but little impression 
upon the supporters of the contact theory. These indeed were 
men of too great intellectual weight and insight lightly to take 
up, or lightly to abandon a theory. Faraday therefore resumed 
the attack in a paper communicated to the Boyal Society, on 
the 6th of February, 1840. In this paper he hampered his 
antagonists by a crowd of adverse experiments. Ue hung 
difficulty after difficulty about the neck of the contact theory, 
until in its efforts to escape from his assaults it so changed its 
character as to become a thing totally different from the theoiy 
proposed by Volta. The more persistently it was defended, 
nowever, the more clearly did it snow itself to be a congeries of 
devices, bearing the stamp of dialectic skill rather than that oC 
. natural truth. 
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In conclusion, Faraday brought to bear upon it an amuneat 
which, had its fall weight and purport been underrtooa at ih« 
time, would have instantly decided the controYeriy. ''The 
contact theory/' he urged, '' assumes that a force wmch is aUe 
to t)yercome powerful resistance, as for instance that of the 
conductors, good or bad, through which the current paesosy and 
that again of the electrolytic action where bodies are deoom* 
posed by it, can arise otU of nothing: that without any change 
m the acting matter, or the consumption of any generatiiig 
force, a current shall be produced which shall go on forever 
against a constant resistance, or only be stopped, as in the 
voltaic trough, by the ruins which its exertion has heaped up 
in its own course. This would indeed be a creaiion <^ poiser, 
and is like no other force in nature. We have many prooeeeee 
by which the f(yrm of the power may be so chanced, that an 
apparent conversion of one into the other takes place. So we 
can change chemical force into the electric current, or the cur- 
rent into chemical force. The beautiful ezperimenla of Seebeck 
and Peltier show the convertibility of heat and electricity ; and 
others by Oersted and myself show the convertibility of dec- 
tricity and magnetism. ByiJt in no casCy not even in tibae if 
the Gymnotua and Torpedo^ is there a pure creation or aprth 
duction of power vnthoui a corresponding exhauMon of mme- 
thinq to supply it" 

Tnese words were published more than two years before either 
Mayer printed his brief but celebrated essay on the Forces of 
Inorganic Nature, or Mr. Joule published hb first famous ex- 
periments on the MechanicfJ Value of Heat They illustrate 
the fact that before any great scientific principle receives dis- 
tinct enunciation by individuals, it dwells more or less deaiiy 
in the general scientific mind. The intellectual plateau is 
already nigh, and our discoverers are those who, uke peab 
above the plateau, rise a little above the general levd of thought 
at the time. 

But many years prior, even to the foregoing utterance of 
Faraday, a similar argument had been employed. I quote 
here with equal pleasure and admiration the toUowing pass^ 
written by Dr. Boget so far back as 1829. Speaking of the 
contact theory, he says : — ^^ If there could exist a power having 
the property ascribed to it by the hvpothesis, namely, that (» 
giving continual impulse to a fiuid in one constant direction, 
without being exhausted by its own action, it would diffOT es- 
sentially from all the known powers in nature. All the powen 
and sources of motion with the operation of which we are ac- 
quainted, when producing these peculiar effects, ore eocpmdtd 
in the same proportion as those effects are prodttoed; and heiux 
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arisen the impoamhUity of obtaining by their agency aperpet^ 
ual effect; or in other words a perpetual motion. But the 
edectro-motiye ibrce, ascribed by V olta to the metals when in 
contact is a force which, as long as a free conrse is allowed to 
the electricity it sets in motion, is never expended, and contin- 
aes to be excited with undiminished power in the production 
of a never-K^easin^ effect. A^nst the truth of such a suppo- 
sition the probabilities are all but infinite/' When this argu- 
ment, which he employed independently, had clearly fixed itself 
in his mind, Faradaj never cared to experiment further on the 
H)urce of electricity m the voltaic pile. The argument appeared 
to him ^^ to xemoy^the foundation itseff of the contact tneory," 
smd he afterwards let it crumble down in peace.^ 

Besearehea on Frietional EUetrtcity : Induction : Conduction : Specific 
Inductive Capacity : Theory of Contiguous Particles. 

The burst of power which had filled the four preceding years 
9nth an amount of ^n)erimental work unparalleled in the his- 
tory of science partially subsided in 1835, and the only scien- 
tific pper contented by Faraday in that year was a compar- 
sttivel^ unimportant one, ^^On an improved Form of the 
IToltaic Battery/' He brooded for a time : his experiments on 
electrolysis had long filled his mind ; he looked, as already 
stated, into the very heart of the electrolyte, endeavoring to 
render the play of its atoms visible to his mental eye. Heliad 
no doubt that in this case what is called ^^ the electric current" 
was propagated irova particle to particle of the electrolyte ; he 
accepted the doctrine of decomposition and recomposition which, 
according to Grothuss and Davy, ran from electrode to electrode. 
And the thought impressed him more and more that ordinary 
dlectric induction was also transmitted and sustained by the 
action of " contiguous particles." 

His first great paper on frietional electricity was sent to the 
Royal Society on the 30th of November, 1837. We here find 
fiim face to face with an idea which beset his mind throughout 
bds whole subsequent life, — the idea of action at a distance. It 

♦ To account for the electric eurrent^ which was really the core of the whole 
lifloofisioDf Faraday demonstrated the impotence of the contact theory as then 
mandated and defended. StiU, it is certain that two dififerent metals, when 
srought Into contact, charge themselves, the one with positive and the other with 
legative electricity. I had the pleasure of going over tlus ground with Kohlrausch 
n 1849, and his experiments left no doubt upon my mind that the contact electri- 
*ity of Yolta was a reality, though it could produce no current With one of the 
jeautiAil instruments devised by himself, Sir William Thompson has rendered 
:his point capable of sure and easy demonstration ; and he and others now hold 
irhat may be called a contact theory, which, while it takes into account the action 
>f the metals, also embraces the chemical phenomena of the circuit. Helmholtz, 
[ believe, was the first to give the contact theory this new form, in his celebrated 
isaay. Ueber die ErJiaUung der Krafts p. 45. 
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perplexed and bewildered him. In his attempts to get rid d 
this perplexity he was often unconsciously rebelling against the 
limitations of the intellect itself. He loved to quote Newton 
upon this point : over and over again he introduces his mem- 
orable worasy ^^ That gravity shomd be innate, inherent, and 
essential to matter, so that one body may act upon another at 
a distance through vacuum and without the mediation of any- 
thing else, by and through which this action and force may be 
conveyed from one to another, is to me so ^reat an absurdity, 
that I believe no man who has in philosophical matters a com- 
petent &culty of thinking can ever fidl into it. Ghnavitj must 
be caused by an agent acting constantly according te oerttin 
laws ; but whether this agent be material or immaterial I have 
left to the consideration of my readers."* 

Faraday does not see the same difficulty in his contiguous 
particles. And ^et by transferring the conception from masses 
to particles we smiply lessen size and distance, but we do not 
alter the quality of the conception. Whatever difficultj the 
mind experiences in conceiving of action at sensible distuioeB, 
besets it also when it attempts to conceive of action at insensi- 
ble distances. Still the investigation of the point whether 
electric and magnetic effects were wrought out throus^ tiie 
intervention of contiguous particles or not, had a physkil 
interest altogether apart from the metaphysical difficultv. 
Faraday erapples with the subject experimentally. By ample 
intuition ne sees that action at a distance must be exerted in 
straight lines. Gravity, he knows, will not turn a comer, bat 
exerts its pull along a ri^ht line ; hence his aim and emri to 
ascertain whether electric action ever takes place in curved 
lines. This once proved, it would follow that the action is 
carried on hy means of a medium surrounding the electrified 
bodies. His experiments in 1837, reduced, in his opinion, this 
point to demonstration. He then found that he could electrify 
by induction an insulated sphere placed completely in W6 
shadow of a body which screened it from direct action. He 
pictured the lines of electric force bending round the edges of 
the screen, and reuniting on the other side of it ; and he proved 
that in many cases the augmentation of the distance betweoi 
his insulated sphere and the inducing body, instead of lessen- 
ing, increased the charge of the sphere. This he ascribed to 
the coalescence of the unes of electric force at some distance 
behind the screen. 

Faraday's theoretic views on this subject have not received 
general acceptance, but they drove him to experiment, and ex- 
periment with him was always prolific of results. By suitable 

* Newt0Q*8 third letter to Bentley. 
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arrangements he places a metallic sphere in the middle of a 
large hollow sphere, leaving a space of something more than 
half an inch between them. The interior sphere was insulated, 
the external one uninsulated^ To the former he communicated 
a definite chaige of electricity. It acted by induction upon 
the concave surfEuse of the latter, and he examined how this act 
of induction was affected by placing insulators of various kinds 
between the two spheres. He tried gases, liquids, and solids, 
bat the solids alone ^ve him positive results. He constructed 
two instruments of me foregomg description, equal in size and 
similar in form. The interior sphere of each communicated 
with the external air by a brass stem ending in a knob. The 
apparatus was virtually a Leyden jar, the two coatings of which 
were the two spheres, with a thick and variable insulator 
between them. The amount of charge in each jar was deter- 
mined by bringing a proof-plane into contact with its knob, 
and measuring by a torsion balance the charge taken away. 
He first chared one of his instruments, and then dividing the 
charge with tiie other, found that when air intervened in both 
cases, the charge was equally divided. But when shell-lac, 
sulphur, or spermaceti was interposed between the two spheres 
of one jar, while air occupies this interval in the other, tnen he 
found that the instrument occupied by the ^^ solid dielectric" 
took more than Iwlf the ori^nal charge. A portion of the 
charge was absorbed in the oielectric itself. The electricity 
took time to penetrate the dielectric. Immediately after the 
discharge of the apparatus no trace of electricity was found 
upon its knob. But after a time electricity was found there, 
the charge having gradually returned from the dielectric in 
which it had been lodged. Different insulators posses this 

Sower of permitting the charge to enter them in different 
^rees. t^araday figured their particles as polarized, and he 
concluded that the force of induction is propagated from par- 
ticle to particle of the dielectric from tne inner sphere to the 
outer one. This power of propagation possessed by insulaters 
he calls their ^^ Specific Inductive Capacity J* 

Faraday visualizes with the utmost clearness the state of his 
contiguous particles ; one after another they become charged, 
each succeeaing particle depending for its charge upon its 
predecessor. And now he seeks to break down the wall of 
partition between conductors and insulators. " Can we not" 
ne says, ^^ by a gradual chain of association carry up discharge 
from its occurrence in air through spermaceti and water to 
solutions, and then on to chlorids, oxyds, and metals, without 
any essential change in its character ? " Even copper, he 
offers a resistance to the transmission of electricity. T' 
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of its particles differs from those of an insulator only in degree. 
They are charged like the particles of the insulator, but they 
discharge with greater e€ise and rapidity ; and this rapidity of 
molecular discharge is what we caU coAduction. Conduction 
then is always preceded by atomic induction ; and when throndi 
some quality of the body, which Faraday does not define, tne 
atomic dischar^ is rendered slow and difficulty oonductioii 
passes into insmation. 

Though they are often obscure, a fine vein of philosoi 
thought runs through those investigations. The mind of 
philosopher dwells amid those agencies which underlie the 
visible phenomena of Induction 'and Conduction ; and he tries 
by the strong light of his imarination to see the very molecDles 
of his dielectrics. It would, however, be easy to criticise these 
researches, easy to show the looseness, and somelimes tiie in- 
accuracy, of the phraseology employed ; but this critical spirit 
will get little good out of Faraday. Bather let tiiiose who pon- 
der his works seek to realize the object he set before him, not 
permitting his occasional vagueness to interfere witih their ap- 
preciation of his speculations. We may see the ripples, and 
eddies, and vortices of a flowing stream, without being aUe to 
resolve all these motions into their constituent elements : and 
so it sometimes strikes me that Faradav clearly saw the play of 
fluids and ethers and atoms, though his previous training did 
not enable him to resolve what he saw into its constituents, or 
describe it in a manner satisfactory to a mind versed in mechan- 
ics. And then again occur, I confess, dark sayings, difficult to 
be understood, which disturb my confidence in this conclusion. 
It must, however, always be remembered that he works at tiw 
very boundaries of our knowledge, and that his mind habitn- 
ally dwells in the " boundless contiguity of shade'' by which 
that knowledge is surrounded. 

In the researches now under review the ratio of speculation 
and reasoning to experiment is far higher than in any of Fare- 
day's previous works. Amid much that is entangled and daric 
we have flashes of wondrous insight and utterances which seem 
less the product of reasoning than of revelation. I will con- 
fine myself here to one example of this divining power: — By 
his most ingenious device of a rapidly rotating mirror. Wheat- 
stone had proved that electricity required time to pass through 
a wire, the current reaching the middle of the wire later than 
its two ends. " If," says Faraday, " the two ends of the wire 
in Professor Wheatstone's experiments were immediately con- 
nected with two large insulated metallic surfiu^es exposed to 
the air, so that the primary act of induction, after msMnf r the 
contact for discharge, might be in part removed from the inter- 
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aal portion of the wire at the first instance, and disposed for 
the moment on its surface jointly with the air and surrounding 
conductors, then I venture to anticipate that the middle sparS 
would be more retarded than before. And if &ose two plates 
were the inner and outer coatings of a large jar or Leyden bat- 
tery, then the retardation of the spark would be much greater/' 
Tms was only a predictioriy for the experiment was not made.^ 
Sixteen years sub«iequently, however, the proper conditions came 
int o p lay, and Faraday was able to show that the observations 
df Werner Siemens, and Latimer Clark, on subterraneous and 
mbmarine wires were illustrations, on a grand scale, of the 
principle which he had enunciated in 18^. The wires and 
the surrounding water act as a Leyden jar, and the retardation 
^f the current predicted by Faraday manifests itself in every 
message sent by such cables. 

The meaning of Faraday in these memoirs on Induction and 
Conduction is, as I have said, by no means always clear ; and 
the difficulty will be most felt by those who are best trained in 
ordinary theoretic conceptions. He does not know the reader's 
needs, and he therefore aoes not meet them. For instance, he 
speaks over and over a^n of the impossibility^ of charing a 
body with one electricity, though the impossibility is by no 
means evident. The key to the difficulty is this. He looks 
apon every insulated conductor as the inner coating of a Ley- 
len jar. An insulated sphere in the middle of a room is to his 
mind such a coating ; tne walls are the outer coating, while 
the air between both is the insulator, across which the charge 
M^ts by induction. Without this reaction of the walls upon 
the sphere you could no more, according to Faraday, charge it 
with electncity, than you could charge a Leyden jar, if its 
3Uter coating were removed. Distance with him is immaterial. 
Bis strength as a generalizer enables him to dissolve the idea 
^f magnitude ; and if you abolished the walls of the room — even 
the earth itself— he would make the sun and planets the outer 
coating of his jar. I dare not contend that Faraday in these 
memoirs made all his theoretic positions good. But a pure 
7ein of philosophy runs through these writings ; while his ex- 
periments and reasonings on the forms and phenomena of elec- 
Irical discharge are of imperishable importance. 

Rest needed — Visit to Smtzerland, 

The last of these memoirs was dated from the Boyal Insti- 
tution in June, 1838. It concludes the first volume of his 

* If Sir Charles Wheatstone could be induced to take up his measurements once 
nore, varying the substances througn which, and the conditions under which the 
current is propagated, he might render great service to science, both theoretic and 
BzperimentaL 
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^^ Experimental Besearches on Electricity/' In 1840^ as il- 
ready stated, he made his final assault on the contact theoiy, 
from which it never recovered.^ He was now feeling the effiecto 
of the mental strain to which he had been sulnected for so 
many years. During these years he repeatedly lm>ke down. 
His wUe alone witnessed the extent of his prostration, and to 
her lovinff care we, and the world, are indeoted for the enjcj- 
ment of his presence here so long. He found ocoaaional'idief 
in a theatre. He fi^uently quitted London and went to Bi^jh- 
ton and elsewhere, always choosing a situation which com- 
manded a view of the sea, or of some other pleasant horism, 
where he could sit and gaze, and feel the gradual revival of the 
fisdth that 

** Nftture never did betray 
The heart that loved her I'* 

But very often, for some days after lus removal into the coun- 
try, he would be unable to do more than sit at a window and 
look out upon the sea and sky. 

In 1841, his state became more serious than it had ever been 
before. A published letter to Mr. Bichard Taylor, dated Haidi 
11, 1843, contains an allusion to lus previous condition. ''Ton 
are aware," he says, ^^that considerations regarding health have 
prevented me from working or reading on •science for the last 
two years." This, at one period or another of their lives, seems 
to be the fate of most great investigators. They do not know ^ 
limits of their constitutional strength until they have trans- 
gressed them. It is, perhaps, right that they should transgren 
them, in order to ascertain where they lie. Faraday, however, 
though he went far toward it, did not push his transffressioD 
beyond his power of restitution. In 1841, Mrs. Faraday and 
he went to Switzerland, under the affectionate charge of her 
brother, Mr. G^rse Barnard, the artist. This time of 0ufEa>- 
ing throws fr^ ught upon his character. I have said thit 
sweetness and gentleness were not its only constitaents ; that 
he was also fiery and strong. At the time now referred to, hii 
fire was low and his strength distilled away ; but tiie readne 
of his life was neither irritability nor discontent. He was un- 
fit to mingle in society, for conversation was a pain to him; 
but let us observe the great man-child when alone. He is at 
the village of Interlachen, enjoying Jungfrau sunsets, and at 
times watching the Swiss nailers making their nails. He keept 
a little journal, in which he describes the process of nail-mddng, 
and incidentally throws a luminous beam upon himself. 

" Aug. 2d, 1841, Clout nail-making goes on here rather consitl- 
erably, and is a very neat and pretty operation to observe. I 

* See note, p. 195. 
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love a smith's shop, and anything relating to smitheiy. My father 
teas a smith. 

From Interlachen he went to the Falls of the Giessbach, on 
the pleasant Lake of Brientz. And here we have him watch- 
ing the shoot of the cataract down its series of precipices. It 
is shattered into foam at the base of each, and tossed by its 
own recoil as water-dust through the air. The sun is at his 
back, shining on the drifting spray, and he thus describes and 
muses on what he sees : 

"August 12th, 1841. To-day every fall was foaming from the 
abundance of water, and the current of wind brought down by it 
was in some places too strong to stand against. The sun slione 
brightly, and the rainbows seen from various points were very 
beautiful. One at the bottom of a fine but furious fall was very 
pleasant, — ^there it remained motionless, whilst the gusts and 
clouds of spray swept furiously across its place, and were dashed 
against the rock. It looked like a spirit strong in faith and stead- 
fast in the midst of the storm of passions sweeping across it, and 
though it might fade and revive, still it held on to the rock, as in 
hope and giving hope. And the very drops, which in the whirl- 
wind of their fury seemed as if they would carry all away, were 
made to revive it, and give it greater beauty." 



Abt. XVII. — On Enargitefrom the Morning Star Mine, CaZ" 
if(ymia; by Edward W. Root, Assistant in the Laboratory 
of the School of Mines, Columbia College, New York. 

In November last I examined a copper ore from the Morning 
Star Mine, Mogul District, Alpine Co., California, which proved 
to be Enargite. This mineral occurs in a massive state, and 
also crystallized in small rhombic prisms, whose planes are much 
striated. These crystals are of a grayish black color, possess a 
very brilliant metallic luster and are about a millimeter in length. 
The massive mineral possesses a somewhat coppery color upon 
firesh fractures, while the exposed surface has a dark bluish tar- 
nish. It is quite brittle. Streak black. Hardness about 4. 
Sp. grav. 4-34. B. B. decrepitates quite violently and fuses 
readily to a globule, giving off arsenical and sulphurous fumes 
and forming a coating of antimonous acid. With fluxes it gives 
the copper reactions. In a closed tube it fuses readily, giving 
off at a gentle heat a yellow sublimate of sulphur, and at an 
increased heat a reddish sublimate of tersulphid of arsenic. 
It is insoluble in hydrochloric acid. Soluble in nitric acid with 

Am. Joub. Sol— Second Series, Vol. XL VI, No. 137.— Sept., 1868. 
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a residue of sulphur and antimonous acid. Soluble in aqua 
regia with a separation of sulphur. 

Associated with the specimen submitted to analysis, was a 
little iron pyrites and quartz, while the magnet extracted a few 
small shining particles, which before the blowpipe gave the 
reactions for iron and titanic acid. 

In the quantitative analysis of the mineral a special portion 
was taken for the sulphur determination ; it was decomposed 
upon a waterbath with fuming nitric acid, which even in the 
presence of antimonous acid readily converted the sulphur into 
sulphuric acid, the solution evaporated to dryness, nitric add 
expelled by hydrochloric, and the sulphuric acid precipitated as 
usual. 

Another portion of the mineral was decomposed upon a water- 
bath with fuming nitric acid, evaporated to dryness, the residue 
dissolved in hydrochloric acid, the solution boiled with a con- 
centrated solution of sulphurous acid in water, to reduce the 
arsenic to arsenious acid, and copper, arsenic and antimony pre- 
cipitated as sulphids by hydrosulphuric acid. The moist sul- 
phids were digested upon a waterbath with sulphid of potas- 
sium, which dissolved out the sulphids of arsenic and antimony. 
The residue, consisting of the sulphid of copper was dissolved 
in nitric acid, converted into the sulphate, and the copper pre- 
cipitated in the metallic state by hypophosphite of magnesia, 
according to Gibbs's method.^ The solution containing the 
arsenic and antimony as double sulphids with sulphid of po- 
tassium, was diluted with water, treated with a concentrated 
solution of sulphurous acid in water to an acid reaction, and 
boiled in a large glass flask for several hours. Both the sul- 
phids of arsenic and antimony were at first precipitated, but 
upon boiling, the sulphid of arsenic was converted into arsen- 
ious acid. The sulphid of antimony was filtered off^ an excess 
of sulphur removed by repeated treatment with bisulphid of 
carbon, converted into the antimoniate of antimony (SbO, 
SbOj) by the action of fuming nitric acid, and estimated as 
such. The arsenic was precipitated after acidifying the solution 
with dilute hydrochloric acid, as the sulphid, by hydrochloric 
acid. The sulphid of arsenic was freed from an excess of sul- 
phur by bi8uli)hid of carbon, converted into arsenic acid by 
treating with fuming nitric acid upon a waterbath, and precip- 
itated as usual by the magnesia mixture.f 

* This Journal, II, xliv, 210. 

f Bunsen, the originator of this separation of arsenic and ontimonj, has litdjr 
Bimplified the estimation of the arsenic, by converting tlie arsenious add dipectlj" 
into arsenic acid, by passing a current of chlorine gas through the solution f"r 
soveral hours. 
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In two analyses the following results were obtained : 





1. 


2. 


Mean. 


s, 


81-81 


81-51 


31-66 


Cu, 


45-94 


46-95 


45-95 


As, 


13-65 


13-74 


13-70 


Sb, 


6-03 


• • • • 


6 03 


Fe, 


0-81 


0-64 


0-72 


SiO„ 


1-03 


1-13 


1-08 



99-27 99-14 

In analysis No. 2, owing to accident, a part of the antimony 
was lost, but still some five per cent remained. 

If the iron present is considered as iron pyrites, and this 
together with the silica deducted, the following mean is ob- 
tamed: 

S Cu As Sb 

31-68 47-21 1406 619 = 99-14 

These numbers give the ratio 1:3:8 between the arsenic, cop- 
per and sulphur, corresponding to the formula 3CU3S4- 
(As, Sb)S3, which is that of enargite as described by Brei- 
thaupt, Field and Burton. 

This California enargite differs however from those hereto- 
fore described in having a much larger proportion of the ar- 
senic replaced by antimony. It contains 6 per cent of antimony, 
while that from Chili analyzed by Field, contained none.* That 
from Peru analyzed by Plattner, 1-61 per cent.f That from 
New Granada, analyzed by Taylor, 1*29 per qent,J and that 
from Colorado, analyzed by Burton, 1-37 per cent.|| 

School of Mines, March 2*7, 1868. 



Abt. XVIII. — Physical Observations on the Andes and the 

Amazons; by James Orton. 

The following observations were made during a scientific 
expedition across the continent of South America, in the year 
1867. The instruments used were two mercurial barometers 
(one of them short, beginning to mark at 9,000 feet), a Wol- 
laston boiling-point apparatus, and Boussingault's ground 
thermometer. They were constructed by Mr. James Green of 
New York, and furnished by the Smithsonian Institution. 
The barometers perfectly corresponded ; and on returning to 
New York, it was found that the long barometer (its compan- 
ion was broken in the valley of Quito,) after a tour of ten 
thousand miles had not varied a hair's breadth. The route 

♦ This Journal, II, xxvii, 52. + Pof^. Ann., Ixxr, S^^. 

X Proc. AcacL Sci Philad., 1857, 168. \ TUa 3oMtiioX,lV'i\N, ^V. 
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was from Guayaquil to Para via Quito, Bio Napo and the 
Amazons. The chief value of these obseryations is deriyed 
from the fact that they were made with instruments of preci- 
sion at many localities whose altitude was hitherto unknown, 
or obtained by an aneroid* or boiling apparatus. They also 
t«st the utility of the thermo-barometer, experiments haying 
been made with it and the standard barometer simultaneously. 
It is doubtful if the two were ever carried together to such 
elevations and across the breadth of the continent. Indeed I 
do not know that any barometer has been taken down the Bio 
Napo. It was my desire to throw some light upon that strange 
anomaly in the Amazon valley first reveded by Lieut. Hem- 
don and theorized upon by Lieut. Maury .f All the calcula- 
tions of altitude are based upon the barometric observations 
with the Pacific level as a constant. On the Amazons and its 
tributary no correction is made for monthly variation as it 
is unknown ; the experiments were made in November and 
December, and the correction would be therefore additive. 
The heights of points on the river are reduced to the level of 
the water ; while the barometric pressures are given as they 
were taken, the elevation of the instruments varying from two 
to sixty feet. Thus at Guayaquil they were twenly feet above 
the river^ at Napo, Coca and Para, twenty-five feet, and at 
Pebas, sixty feet. The pressures corresponding to tempera- 
tures of boiling water are from Guyot's tables after Regnault 
revised by Moritz. These are placed along side of the baro- 
metric observations (reduced to 32°) in order to show the 
agreement between the barometer and boiling apparatus. To 
obtain the mean annual temperatures of important places, the 
ground thermometer was sunk from two to three feet, ana al- 
lowed to remain about six hours. 

The first desideratum was the level of the Pacific off Ecua- 
dor. After many careful calculations I fixed upon 29*930 as 
the barometric pressure at the freezing point. Hemdon as- 
sumes 30*000, and his altitudes are therefore too high. I know 
not Humboldt's base, but his estimates are uniformly high 
Those of Boussingault and Visse I have taken second-hand, 
and am not sure they are correctly copied. Pentland gives 
29*944 as the mean barometer off Peru; Duperrey (1823) gives 
29*961 at Paita; and Gilliss at sea oft* Cape Lorenzo, Oct. 2d, 
found 29*825. Pentland's corrected for latitude would veiy 
closely agree with mine. 

The site of Quito is very uneven : my altitude is that of 

* *'A Traveler who carries an aneroid alone with him must not expect accorMy 
within two or three himdred feet." — Giiyot It is generaUy higher than the stan- 
dard in high temperatures. 

/ Seo this Journal, vol. x'lx, p. ^So. 
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the grand Plaza. It is a singular fact that La Condamine 
(1745), Humholdt (1802), Boussingault (1831), and Visse 
(1863) give a decreasing altitude. One is tempted to helieve 
that the Andes are sinlang. Boussingault contends that this 
is true of some individual mountains.* The mean of all the 
estimates given in the table, excepting that of Caldas which 
is manifestly incorrect, is 9,521. Vulavicencio gives 9,485. 
I quote him simply to call attention to the fact that the esti- 
mates in his Geografia de la Beptiblica del Ecuador are not 
reliable. In a l^lloon ascent made in January, 1864, from 
Woolwich, Eng., by Glaisher for the British Association, the 
reading of the barometer at 3** 16"* p. m., (corrected and re- 
duced to 32°,) was 20-951 at the estimated height of 9,500 ft. 
The minimum noticed in Quito was 21460. The French sa- 
vans give the length of the seconds pendulum at Quito 
3-247753 ft., it being 3*250588 ft. at sea-level on the equator. 
This is a deduction, not the result of experiment, and gives 
only 9,166 ft. for the height of Quito. The pendulum experi- 
ment at Quito would be very interesting, but great disturb- 
ances would doubtless arise from the proximity of so many 
volcanic mountains. 

The observations on Pichincha were taken 80 ft. below the 
highest pinnacle. That in the crater was made at the foot of 
the cone of eruption. That on Antisana was taken just above 
the average snow-limit ; and that on Cotopaxi at the base of 
the cone. Cotopaxi's cone is therefore 6,000 ft. high. At 
Itulcache begins the series of observations from Quito east- 
ward across the continent. The great Amazonian forest com- 
mences about ten miles west of Papallacta. Baeza is situ- 
ated on a ridge ; thence the path to Napo turns from an 
easterly course directly south through Archidona. Chinipleia 
was our camp on the Rio Cosanga. The heights on the Ama- 
zons as given by other travelers express the altitude above 
the Atlantic ; while I have kept the Pacific as a base. The 
barometer and boiling point at the Atlantic level are compu- 
ted ; the distance of Para being taken at 95 miles and the 
fidl of the river two inches to the mile. This makes the Pacific 
off Ecuador about two feet higher than the Atlantic. Ought 
we not to expect a difference ? Do not the great volcanic 
mountains on the equator exert an attractive power on the 
ocean at their feet ? At Panama, the Pacific and Atlantic 
sink to a conmaon level, for there the Andes drop down to an 
insignificant altitude. I must add, however, that the obser- 

♦ See BulL de la Soc. G4oL de France, torn, vi, p. 66, Prof. Schon from obser- 
vations at Wurtzburg thinks that the atmospheric pressure has increased during 
the last fiftj jears. Forbes, 1832. 
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vations at Guayaquil were taken in July, those at Para in 
January with the same instruments. My barometric pressuie 
at Para may therefore be too high; but the true monthly varia- 
tion is unknown. At Havana the mean barometer in Januaij 
is '200 in excess of the yearly mean, and the correction at the 
equator should be still greater ; but Dewey makes the Janu- 
ary variation at Pani Oil below the mean. His mean in July 
is 30'020. We need an extended series of observations at 
Guayaquil and Para. If we take Dewey's annual mean at Para, 
29*941 and 35 ft. as the altitude, the barometer at the Atlantic 
level would stand 29*977. But this makes the Atlantic foil 
40 ft. below the Pacific. Moreover, if Para is 35 ft. above the 
Atlantic, the fall of the river is nearly 4J inches per mile, which 
is also absurd. The rate cannot bo far from two inches. This 
would make the fall about fifteen feet and the barometer at the 
Atlantic 29'932. 

ASlojye and current of the Amazons. 

Distance. FalL 

Xapo village to the Maranon, 600 miles. 21*3 inches per mile. 

'^ " " Pam, 2800 « 6*2 « « 

Tabatinga " " 2000 " 2*5 « « 

Azevedo and Pinto made the fall from Tabatinga tO" Para, 
0*9; Castlenau made it a little more. LaCondamine assigns to 
the Amazon in general a slope of 6*3 in. per mile, which veiy 
closely agrees with my calculation. Hemdon, who, trostine 
his boiling apparatus, made Ega over 2,000 ft. high, deduced 
from this the descent of the Amazons " a little more than a 
foot per mile, which would about give it a current of 2J miles 
per hour I"* He remarks that the current increases consid- 
erably after the junction of the Madeira. He calls it 2 J from 
Pebas to Ega in November, and three below Serpa in Febru- 
ary. But the Peruvian navigators consider it from 3 to 31 
at Pebas in December (4 at high water). On the Napo in 
November I found it 5 below Coca ; above Santa Bosa there 
are rapids. The Brazilian lieutenants make the slope of the 
Amazons exactly the same between Tabatinga ana Maniio:< 
as between M. and Para, or 58 ft. per 1,000 miles. It is in- 
teresting to compare the Amazons with other rivers : 

24-00 in. per mile; slope, 1' 18'' 

a « Q/ 5Y" 

u « 0' 21" 

a u Q, 20" 

" « 0' 13" 

" " 0' 13" 

* Hcmdon's calciilatioois are very singular. Compare the one on page !dS 
with one on p. 331. 
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Mississippi, 
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Nile, 
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Amazons, 


" C-25 


Ganges, 


u 4. 


Ohio, 


" 4- 
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The Mississippi at St. Louis has nearly the same altitude^ as 
the Amazons at the mouth of the Napo : respective distances 
from the sea, 1,400 and 2,200 miles. Below St. Louis the 
&31 of the Mississippi is 3 in. per mile. 

Accidental variations of the barometer. — These are gene- 
rally considered as reducea to nothing at the equator. Hum- 
boldt says, the regularity of the ehh and flow of the aerial 
ocean is undisturbed by storms, hurricanes, rain and earth- 
quakes in the torrid zone of the new continent, on the coast 
and at the elevation of 13,000 ft. At Dodabetta, India, (alt. 
8,640 ft.) Lieut. Strachey found that the most violent and 
variable wind did not afiect the range of the barometer. But 
in the valley of the Amazons strange irregularities have been 
noticed in every hypsometric instrument, whether mercurial 
barometer, aneroid or boDing apparatus. No two travelers 
have noticed the same irregularity ; but all (save Azevedo and 
Pinto), have found a lawless disturbing force. Indeed, the 
anomaly is so constant, that I am inclined to suspect the re- 
cord of the Brazilian lieutenants, because it discovers no ir- 
regularity. Spix and Martins gave Tabatinga the enormous 
altitude of 670 ft., and elevated Manaos 556 ft. above the sea. 
This makes the fall of the first thousand miles of the river 
five times that of the second. Castlenau found Nauta 365 ft., 
Pebas, 399 ft., and Manaos 293 ft. above the sea ; and com- 
plaining that his barometer got out of order, rejected a part 
of his observations. Hemdon, with a boiling apparatus, dis- 
covered to his surprise that between Nauta and Ega he was 
ascending according to th3 instrument, though by the river 
and his own senses he was descending. At Nauta water 
boiled at 211°-3, and at Ega at 208°-2, which would put Nauta 
about 400 ft. above the Atlantic, and Ega, 800 miles farther 
down stream, at 2,000 ft. I On the Rio Purus, Chandless' ba- 
rometer stood higher (29*871) than at Manaos, while the ob- 
servations of Spruce and Wallace, one with an aneroid, the 
other with a boiling apparatus, made Manaos lower than Para. 

My experience was similar. The barometric pressure was very 
orderly in its increase from the top of Pichincha down to Para, 
excepting on the Napo where at one time both the barometer 
and boiling apparatus unanimously declared that our canoes 
were gliding up stream though we were descending at the rate 
of five miles an hour, and excepting also on the Amazons be- 
tween Tabatinga and Obidos. The boiling point was more 
irregular than the height of the mercury. Our rate down the 
Napo was full 40 miles a day ; and the record of the boiling 

* Mean bar. at St Louis, 29*520 ; at the mouth of the Napo, 29 526. 
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point for five successive days below the Curaray is as foUowB: 
210^-8 ; 211°1 ; 211°- ; 210°-9 ; 211°-4. 

Similar anomalies have been noticed in other parts of the 
world. Erman's observations in Siberia would place Jakiuk 
below the level of the sea of Ockozk ; yet the Lena flows 
down from Jakuzk to the sea. Von Buch observed that the 
mean pressure on the shores of the Baltic was less than in 
France, and imputed the difference to what he calls a mdli 
atrnospherique. The barometric mean at Great St. Bernard 
deviates by 14 ft. from the true height ascertained by level- 
ing ; this Plantamour attributes to an abnormal depression of 
the tcniperature of Geneva owing to the neighborhood of the 
lake. The baromfeter makes the Caspian Sea 250 ft. lugher 
than the level ; and the Antarctic Ocean, 800 ft. above the 
Atlantic. 

The cau83 of the strange phenomena in the Amazon valleyy 
Hemdon (and after him Maury) ascribed to the pressure of 
the trade- winds as they are dammed up by the Andes. This 
gigantic wall of mountains, regarded as the rocky shore of an 
aerial ocean, is equivalent to 14 in. of the barometric colnnrn 
or i the weight of the atmosphere. But this theory is not 
wholly satisfactory. It is true that the inclination of ihid 
continent to the east would naturally give a higher barometer 
than if it were a level table land. " When me atmosphere 
is swept en masse from the sea up the gradual slope of the 
land surface, we must expect (says Herscnel) great discordan- 
ces between barometric and trigonometric determinations of 
altitudes." But if the banking up of the trade-winds is the 
solo cause of the perturbations, ought we not to expect eithtf 
a gradual though inordinate increase of the barometric pres- 
sure in ascending the Amazons, or fixed points of TnATimnm 
intensity ; yet the fluctuations seem to follow no rule. Hemr 
don found the greatest disturbance above Tabatinga ; I found 
it below. Herndon made Ega 2,000 ft. above the sea ; I found 
it 100. Compare also the various altitudes given to Manaoa 
It is singular that in Herndon's Meteorological Journal, we 
flnd a light breeze, seldom eastward^ between the Huallags 
and Ega, while between Ega and Manaos the prevailing wind 
is east and stronger. The wind theory would lead us to ex- 
pect just the reverse. It cannot be said that the difference in 
the observations is due to the fact that they were taken at 
different seasons of the year. Hemdon and myself were at 
Ega in the same month (December) ; he boiled water at 
208^-2 ; I had to raise it to 211°-9. I was at Pebas just a 
month later than Herndon ; yet we found the boiling point 
exactly the same. The trade-winds doubtless have something 
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to do with these variations, as also the position of the moon.^ 
But may not one disturbing force be found in the presence of 
the great Amazonian forest which is a powerful condenser of 
aqueous vapor ? The vapory winds, fresh from the Atlantic, 
would give a low barometer ; after condensation, the mercury 
would rise. 

Overlooking the irregularities between Tabatinga and Obidos, 
I think my barometrical observations across the continent 
faithfully delineate the main features from Guayaquil to Para. 
We see a striking difference between South Amenca and our 
own continent in the fact that while Tabatinga, the half-way 
station, is not over 255 ft. high, Fort Leavenworth at the same 
distance from the sea, is six hundred feet above it. I will here 
notice a curious coincidence (it can be nothing more) in the 
relation between the eastern profile of a continent and its sec- 
tion. Thus, the eastern coast line of the American continents 
is a rough copy of the line describing the surface from west to 
east. In the eastern hemisphere, the eastern contour more 
nearly approximates a section from north to south ; and there 
is some reason for this, for the ocean would eat most deeply 
into the land between the mountain chains. In the case of 
South America, the protuberance of Cape St. Boque represents 
die swell of the Andes ; the slope thence to Patagonia is 
an imitation of the Amazonian valley ; while the upward 
turn of the Tierra del Fuego reminds us of the low Bra- 
olian mountains. 

Diurnal variations of the barometer, — These occur with 
great regularity, notwithstanding violent winds, sudden 
changes of temperature and humidity. The configuration of 
the land in India greatly modify the atmospheric tides ; but 
at the foot of the Andes the variations attain their extreme 
limits at the same hours (10 a. h. and 4 p. h.) as in the high 
▼alley8.f The hour of the day may be determined by tne 
barometer at Quito within 15 minutes. The mean daily am- 
plitude. 

At Gnayaqoil is "OOl (Visse, -147 ; Darondeau, '145.) 
** Quito, -084 ( Visse, -090.) 

" Pebas, -104 

** Pari, -088 

* Sabine found at St Helena that the merciiiy was '004 in, higher when the 
moon was crossing the meridian above and below the horizon. 

J The daily tides were not observed by Richardf^on at Gt Bear T>ake, lat 
66® 6i'; while Prof. Forbes asserts that the barometer at 8t Bernard (ft, 000 ft. 
hi^) ia lowest at 9 a. m. and highest at 3 p. m ; and that Capt. Parry nr>r.iced the 
nme reversion in lat 74®. Dr. Hayes found the maximum at Port Pouike 6| p. M. 
and minimnm, 3 a x. 
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The extreme range decreases with the latitude and also villi 
the increase of altitude : 

At Port Foulke, lat. 78° 18' N. it is 1-81 in. (Sonntag.) 
" Par4, 1° 30' S. " -30 " (Wallace.) 

"Guayaquil, 2° 12' S. « -166" (Orton.) 

"Quito, 0°13'S. " -130" (Orton; LaConda- 

mine, *18S.) 
"Antisana Hacienda, 0° 30' S. " -065" (Aguirre.) 

The diurnal variation decreases with the increase of altitude 
as well as with the increase of latitude : 
Increase of elevation — 

Guayaquil, alt. 10 ft. var. '091 

Par4, " 16 " -088 

Quito, " 9600 " -084 

Aiitisana, " 13,800 " -022 (Aguirre.) 

Anomaloiis^TebaSy " 346 " '104 

" Mandos, " 120 " -111 (Spruce.) 

Increase of latitude 






Guayaquil, lat. 2°12'S. var. -091 

" 23*»65'N. " -060 (-computed by Kaemti.) 
" 89° 4'N. " -044 " »4 a 

Arctic Sea, " 72° 16' N. " -038 (Sonntag.) 
" " 78° 28' N. " -013 " 

" " 81° 30' N. " -001 « 

Increase of altitude with increase of latitude- 
Paris, lat. 48° 50' alt. 200 ft. var. -Oaie 
Geneva, " 46° 12' " 350 " " -0354 
Faulhorn, " 46° 30' " 9000 " " -0106 
Max. fluctuation at Port Foulke is in April ; minimum, October. 

Philadelphia, Jan.; " May. 

Antbana, June; ** December. 

Throughout Asia the barometric mean is less in summer than 
in winter; in Para, Antisana and Sitka it is the reverse. Tbe 
monthly variation decreases from the poles to about latitude 
40'' ; thence to the equator it increases. At the equator, (I 
know not how it is in high latitudes) it decreases with the al- 
titude. 

The annual range at Port Foulke (0*4 in.) is about 20 times 
the diurnal ; that of Antisana (0*05) is about twice the diur- 
nal. The annual variation is more decidedly marked in India 
than in tropical America. This is owing, says Dove, to the 
comparatively constant wind throughout the year in the New 
World ; while in India, equatorial currents prevail when the 
sun's altitude is greatest and polar current<« when it is least 
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Oompartaon of mercttrial barometer with boiling apparatus. 
—After numerous observations taken with these instruments 
side by side from the sea-level to the top of Pichincha, I con- 
clude that the boiling apparatus, though very convenient, can 
not be depended upon and is the least reliable in high altitudes. 
In the Amazonian valley it is certainly useless. The accuracy 
of Regnault's Tables of corresponding pressures was tested on 
the Andes by Visse in 1848, and he found the agreement very 
satisfactory. But my experiments on the same ground do not 
confirm this. At Guayaquil he found a diflference of '0092 in.; 
I found '008. At Quito his difference was '015 ; mine '045. On 
Pichincha, his difference was '0045 ; mine, taken at the same 
hour of the day, was '008. At Papallacta, the boiling point 
indicated a pressure '205 too small, and at Archidona a pres- 
sure '364 too great. On Mont Blanc, Saussure found the ba- 
rometer 17'136, and the pressure indicated by boiling water, 
17-883. At Rochester, they differ by '130. 

Mean annual temperature. 

Guayaquil, 83° (Boussingault with ground thermometer sunk one 
foot found 78° "8 ; Hall with six months obs. with air ther- 
mometer found Y8°'03. Appleton's Am. Cyclop, gives 88°.) 

Quito, 68°'8 (LaCondamine, 68 ; Humboldt, 67 '92; Boussingault, 
with ground ther. sunk one foot, 6 9° '3 6; Caldas, 69°*; Hall 
and Salaza, 69°'6; Aguirre, 68°'l.) 

Archidona, 77°' 

Santa Rosa, 79°-6 

Pebas, 80°- (Castehiau, 79°-7) 

Tabatinga, 82°- ( " 79°-34) 

ParA, 80° -2 (Dewey, 80° -6) 

The isothermal line in the United States corresponding to 
the mean temperature of the valley of Quito runs through 
the state of Tennessee. The temperature of Nashville is 
58° '5. The mean temperature at Fort Massachusetts on the 
Bocky Mountain plateau (alt. 8400 ft.) is 41°'l. The tempe- 
rature of Quito is just 1° less than that of Rome ; but the 
spring months at tno two cities have the same mean tempera- 
ture. The mean temperatures of Antisana Hacienda and 
Quebec are the same, but the seasons are nearly reversed. 

Sprioff. 

Quebec, 38<)'00 

Anttsana, 42^*16 

The coldest hour at Quito is 6 a. m. ; the warmest between 2 
and 3 p. m. The latter corresponds with that on the east 
coasts of the United States and Asia ; on the west coast of 
America and Europe it is 1 or 1^ p. m. The greatest heat at 
Para occurs at 2 p. m.; the hottest month is November and the 



Sammer. 


AutQinn. 


Winter. 


Year. 


670-67 


43*'-67 


130-33 


400-67 


38°-26 


40<>-70 


410-80 


400-70 
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coolest is March. The decrement of temperature in ascending 
from Geneva to St. Bernard is 1° for every 487 ft.; between 
Quito and Antisana it is 1° for every 340 ft. 

JBarometrical nieasuremefits (zcross South Americcu 



LoeaUty. 



Pacific Goean, 

Guayaquil, 
Guaranda, 



Arenal, 

Mocha, 
Ambato, 



Tacunga, 



Tiupullo. 

Machachi, 

Quito, 



Panecillo, 



Pichincha, top. 



Pichincha, crater. 
Aotisana H. 



On Antisana, 
Pinatura, 
Padrogal, 
On Cotopaxi, 
Biobamba, 



Cajabamba, 
Itulcache, 
Tablon, 
PapaUaotOf 



Alt. 



B«roiD. 



29-930 

10;29-899 
884021-976 



14,250 
10,900 



18123 



20-393 



8490 22-241 



9181 21*693 



11,662 



19-868 



BolUng 
Point 



212-01 
211-96 



9900'21-212 
962021-530 195*8 



10,101 21-043 



15,827 17-038 184*6 



13,800 189-2 

13,300 18*683 



16,000 16*782 
10,410i20-79l 
ll,860:i9*817 
1 2,860; 19004 
9200 21*705 



10,91820-612 
8885!22*006 
10,616;20*800 
10,511 20-S03.1d^*ft 



KqaiT. 



29-891 



21-485 



17-030 



18*672 



DUbr- 
enoe. 



-•008 



-•046 



-008 



Oth«r 



Bar, of Visse, 2S^904; Boo- 

Binganlt, 29-867. 
B. R of Viase, 211^'S. 
AIL of VisBO, 8,873; HtD, 

8 928. 
^tt.'of Visse, 13,917; H4 

14,268. 

Alt, of VlBse, 8.541; Bout- 
singault, 8,787. 

Bar, of Jameson, 22,218. 

AH, of Visae, 9,180; Boi» 
aingault, 9,384. 

Bar, of Jameson, 21*700. 

AU. of Viaae, 11,702. 

Alt of Visse, 9,823. 

AU. of LaOondamine, 9,596; 
Humboldt, 9,670; OiUii, 
8,947; Boii88inganlt,95€7; 
Viaae, 9807; Aiailar,9496; 
Bureau des longs. 9540; 
Tramblay's AnfL 9538; 
Jameson, 9613. Bar. of 
LaCk>ndainine, 21,404; 
Humboldt, 21,403; Agni- 
lar, 21*466; Jameson, 
21 566. B. F. of Tramblaj, 
1840-18; Visse, 1950-6. 

Alt. of Humboldt, 10.244; 
AguHar, 10,136. 

Bar, of Jameson, 21*207. 
B. P. of Visse, 194»-7. 

AU. of LaCondamine, 15,606; 

Humboldt, 16,922; Vuse, 

16,200; Hall, 15,380; Bow- 

singault 15,676: Jaswaoo, 

15,704. Bar.ofVUse. 16*941 

AU. of Visse and Iforeno, 
13,600. 

AU. of Humboldt, 13,465; 
Boussingault, 18,356. 

Bar, of Jameson, 18-630; 
Aguirre, 18-673. 

AU, of Boussingault, 10,348. 



AU. of Boussingault, 9413; 

Visse, 9167. 
AU. of LaOondamine, 11,000. 
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ocaUty. 


Alt. 


B«rom. 


Boiling 
Point 


Daalt'i 
KqolT. 


Diffez^ 
ence. 


Other estlmatefl. 




8622 


22-206 










mama, 


7920 


22-761 










} 


6625 


23-793 










)leia, 


6200 


24145 










chimbamba, 


4252 


25832 










TCU, 


3247 


26-746 


o 








dona, 


2115 


27-816 


209-00 


28-180 


+•364 






1450 


28-419 


209-4 


28-407 


-•012 




Rosa, 


1100 


28-814 


210-4 


28^982 


+•168 






868 


29-022 


210-66 


29-127 


+ 106 




'R.Aguarioo 


686 


29-321 


21100 


29-331 


+•010 




, Curaray, 


600 


29-408 


210-8 


29-216 


-•193 




Napo, 


385 


29-626 


211-4 


29-666 


+•040 


AU. at Nauta by Gastelnau, 
366. 


1 


346 


29610 


211-1 


29-390 


—120 


AU. of Hemdon, 637. B. P. 
of Hemdon, 211°1. 


), 






2114 


29-666 






jitonio, 


266 


29-666 










inga, 


266 


29-666 


211-6 


29626 


-041 


AU. of Spiz and Martins 
670 ; Azevedo and Pinto, 
160 ; Agassiz, 200. 


itins, 


138? 


29-770 








AU. of Azeyedo and Pinto, 
124. 




100? 


29-813 


211-9 


29 862 


+ 049 


AU. of Hemdon, 2052 ; Aze- 
vedo and Pinto, 120 ; ^. P. 
of Hemdon, 208o-2. 


M, 


199? 


29-705 








AU. of Hemdon, 1475; Cas- 
telnau, 293 ; Spiz and Mar- 
tius, 556; Azevedo and 
Pinto, 92. B.P. of Hem- 
don, 209°-3 ; Gibbon, 
210®-87 ; Wallace, 212^.5. 


r 


168? 


29-762 








AU. of Azevedo and Pinto, 

84. 
AU, of Azevedo and Pinto, 


s» 


114 


29-802 




















68 ; Agassiz, 46. 


rem, 


107 


29-808 


211-6 


29-626 


—183 


AU. of Hemdon, 846; Aze- 
vedo and Pinto, 60. B, P. 
of Hemdon, 210®-6. 


legre, 


83 


29-834 










>^ 


38 


29-890 








AU. of Azevedo and Pinto. 

42. 
AU. of Hemdon, 320 ; Aze- 




16 


29*889 


211-96 


29-891 


+•002 














vedo and Pinto, 36 ; Dew- 














ey, 35. Ba/r. of Hemdon, 














29-708; Dewey, 29-941; 














Orton (reduced to level oi 














river) 29-914, B. P. of 














Hemdon, 211®-6. 


ic Ocean, 


-2 


29-932 


212-16 




Bar. of DeDi^y, 29^97 7. 



tester, N. Y., July 16, 1868. 
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Art. XIX. — Notes on the Oaucasus; by Capt. F. von Kosce- 
KULL. (Communication addressed to Prof. J. S. Newbebbt, 
and translated by him for this Journal.) 

The interest in science manifested by you, led me to com- 
municate to you some facts concerning the Isthmus of the Cau- 
casus; but not satisfied with a verbal recital, you have requested 
me to make the same communications in writing. Your cor- 
dial hospitality and constant assistance to me, a stranger, com- 
pel me to comply with your request even under the unfavoFable 
circumstances in which I am placed, for at present with the 
exception of the little map of the Caucasus lately published bf 
Petermann, I have neither notes nor books of reference by me to 
enable me to verify the statements I intend to present to you in 
this report, and I am therefore obliged to rely entirely upon my 
memory. You are well aware, moreover, that there are many 
things easy to be communicated by word of mouth, but 
difficult to express in writing, espcciallv, when one is compelled 
to trust to memory alone. For this I \)eg the indulgence, not 
only of yourself, but of every one who may read this article, 
that you will not expect precise accuracy, but accept it aa a 
general description of the Isthmus of the Caucasus, prepared 
with the sole object of showing my willingness to gratify any 
wish of those toward whom I entertain feelings of the deepest 
gratitude. 

As I propose to speak also of the geology of the Caucasus, I 
cannot pass by without notice the name of Mr. Abich, since wc 
owe our increased knowledge of the country under consideration 
entirely to the labors of this celebrated and indefatigable savant 
who for some time past has devoted himself to the study of thii 
region. 

Any communications that I may make concerning the biolo- 
gy and ethnography of this country must be very brief, partly 
for want of the necessary notes, and partly because, with ref- 
erence to these subjects, the Caucasus has not, up to this time, 
been sufficiently explored, owing to the constant wars between 
Russia and the mountaineers. But since the tencinationof 
hostilities in 1864, a scientific exploration of this region his 
been conducted by Mr. Radde, the naturalist, and it is to be 
hoped that the labors of this young and enterprising savaxH 
will be as successful as those which he prosecuted in the eastdi 
l)ortion of Siberia. 

If in this short description there are points which are not 

quite clear or exact, I trust it will be attributed only to my 

defective memory, and I once more ask for indulgence from mj 

readers for the reasons w\iic\il\iave ^\a\^ «}(ys^^. 
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The country which separates the Black sea and the sea of 
Azoff from the Caspian, and at the same time connects the 
south of Bussia with Asia Minor and the northern part of Per- 
sia, is generally called the Isthmus of the Caucasus. It lies 
between the parallels of 39° and 46° north latitude, and between 
the meridians of 54° and 68° east of Greenwich. This region 
resembles an oblique parallelogram, of which the longitudinal 
diagonal runs from northwest to southeast, and is about 1200 
kilometers long. The transverse diagonal runs from northeast 
to southwest and its length is about 625 kilometers. All of 
this country is traversed by ranges of mountains called the 
Mountains of the Caucasus, and from them the name has passed 
to the whole Isthmus. 

The internal forces of the earth which elevated these moun- 
tain chains were exerted in several directions, forming what 
must be classified as principal and subordinate lines of up- 
heaval. The directions of the principal lines are, 1st, from 
north-northwest to south-southeast. This is the trend of the 
great chain of the Caucasus of which the extremities form the 
peninsula of Taman on the north-west and Apscheron on the 
southeast, the latter extending into the Caspian sea. A line 
of elevation having the same direction in the southern part of 
the Isthmus is known as the Little Caucasus. 

Second direction, from north-northeast to south-southwest. 
This line is marked by the chain of mountains which bears the 
name of Karthlo-Imeritia and connects the principal chain of 
the Isthmus with the Little Caucasus between 41° 40' and 42° 
ASy north latitude, and 60° 40' and 61° 40' east longitude. Axes 
of elevation having this trend are found in the southeast part of 
the principal chain of the Caucasus in what is known as the 
country oi Daghestan, and also in the Little Caucasus. 

The subordinate lines of elevation are first north and south, 
88 best seen on the plateau north of Mt. Elbruz, forming the 
"watershed between the Caspian and the Black sea. Axes with 
this trend are also seen in Daghestan and the Little Caucasus. 
Second, east and west. Banges having this bearing are seen in 
the mountains of Abkhazi, Swanethi and Imeritia, the south- 
em ramifications of the Grand Caucasus ; also in the chain 
of Trialethi which extends from the Karthlo-Imeritia moun- 
tains eastward to the city of Tiflis ; and finally the trend is 
observable in the inferior ranges of Daghestan and the Little 
Caucasus. 

A knowledge of these bearings is not only indispensable to a 
correct understanding of the structure of the Caucasus, but en- 
ables one to comprehend the relations which this great moun- 
tain system bears to j^hoso on the east and west of tVi^ \.^\Xi\£iNi%, 
Following the direction of the principal taiig^ oi \\ife C»^M^^aso& 
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from the peninsula of Apscheron, a submarine elevation can be 
traced extending southeasterly. The island of Tschelekan is on 
this line, and its prolongation forms the axis which connects 
with the mountains of Central Asia. 

On the peninsula of Taman, formed by the northwest ex- 
tremity of the main chain of the Caucasus, is seen the inter- 
section of two lines of upheaval ; one, the principal line, run- 
ning from southeast to northwest, and the other, that of the 
mountains of the Crimea, from southwest to northeast. The 
intersection of these two lines mainly determines the configura- 
tion of the Isthmus. The northeast and southwest upheaval 
has not only united the principal chain with the Little Cauca- 
sus but has formed a juncture between the mountains of the 
Isthmus and those of Persia and Asia Minor. 

The points of intersection of the main lines are of consider- 
able altitude, as, for example, Sikara, where the principal nu^ 
crosses the mountains of Karthlo-Imeritia, and Ararat, at ue 
junction of the Persian mountains and those of the Little 
Caucasus. 

The following table gives the position and altitude of the 
most important peaks of the Isthmus on a northwest and south- 
east line.* 



North 
Latitude. 



. Kut laekkt ii 
Londtade. fiit 



Oschten, 

Fischt, 

Schougousch, - - 
Elbruz, 

Dykh-tau, 

Aday-khokh, .. 

Kion-khokh, 

Sikara, 

Kazbek, 

Teboulos-mtha, . 

Borbalo, 

Dyklos-mtha, - . 

Murou-dagh, 

Sary-dagh, 

Djulty-dagh, 

Alakhoun-dagh, . 
Sawalat-da<jh,--. 
Schalbou z-dagh, . 

Schah-dagh, 

Bazarduzi, 

Dybrar, 



17,425 

16,857 
14,808 
10,586 
11,794 
15,524 
13,869 

9,547 
12,886 
10,427 
11,2*8 
1],668 
11,912 
11,489 
12,884 
13,090 
13,814 

6,804 

* The longitudes are reckoned fh)m Fenff> and the heights At is pTesamecO ait 
in PariB feet.— Editobs. 
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44 


9. * 

57 40 


43 50 


57 40 


43 45 


57 55 


43 20 


60 


43 


60 40 


42 45 


61 30 


42 55 


61 40 


42 35 


61 40 


42 40 


62 10 


42 35 


63 15 


42 30 


63 15 


42 30 


63 35 


41 45 


64 10 


41 50 


64 20 


42 


64 30 


41 50 


64 40 


41 25 


64 40 


41 20 


65 


41 15 


65 15 


41 10 


65 20 


40 55 


66 20 
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I North j E«8t 
! Latitude. iLon^ltade. 



Height in 
feet. 



In the mountains of the Little Caucasus^ 

Alag5z, 

Great Ararat, 

Little Ararat, 

Kapoutschi-dagh 

The most remarkable passes are, 
In the main range northwest of the Oschten 

mountain^ 

Goitkh, 

PscheUi, 

Between the Mts, Fischt and Schougousch, 
Schetlib, 

Between the Mts, Schougousch and Elbruz, 

Psegaschka, 

Santscharo, 

Maroukh, 

Between the Mts, Kazbek and Teboulos-mtha, 

Goudaour, 

In the mountains of the Little Caucasus, 
Near Lake GoktBchai, 



O i 

40 35 
39 40 
30 40 
39 15 



O I 

61 25 
62 

62 5 

63 45 



40 10 



62 41 



12,606 
15,871 
12,056 
12,061 



2,300 
5,100 

5,600 

5,809 

7,500 

10,790 

7,362. 
6,000 



Since the predominant trend northwest of the Elbruz is from 
north-northwest to south-southeast, this portion of tlie Isthmus 
range is composed of several distinct chains parallel to each 
other. Between the Elbruz and the Kazbek, the intervention 
of a northeast and southwest uphearval causes the regularity to 
disappear. In Daghestan, southeast of the Teboulos-mtha, 
there are no regular lines of upheaval; the interior forces of 
the earth having acted in different directions, and thrown the 
mountains into irregular and entangled masses. The same con- 
fusion is found in the Little Caucasus, though the general alti- 
tude of the mountains is less than in Daghestan. 

Between the Schougousch and Bazaduz mountains, the main 
chain of the Caucasus presents an unbroken belt of perpetual 
snow; nevertheless the loftiest portion of the whole Caucasian 
range is between the mountains of Elbruz and Teboulos-mtha, 
and here are found the most remarkable glaciers of the Isthmus. 
Toward the peninsulas of Taman and Apscheron, the altitudes 
fall off to within a few hundred feet above the level of the sea. 
In the Little Caucasus there are also snow-covered summits, 
but they are scattered about and do not present an unbroken 
belt of snow like those of the principal range. 

The formation of the valleys is determined altogether by the 
arrangement of the mountains. West of the Teboulos-mtha 
Am. Jour, Sol— Sboond Sbbies, Vol. XLVI, No. 137.-^^^. ,Y^^, 

15 
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mountain there are longitudinal valleys, the most important of 
which aie between the Elbruz and the Kazbek; the two yaUeys 
of Swanethi on the upper parts of the rivers Ingur and Tzkhle- 
nitz-Tskhale, the valley of Badscha on the Bion, and gene- 
rally those inhabited by the Ossethes in the midst of the main 
chain. In Daghestan and the Little Caucasus^ there is no r^- 
ularity in their form or distribution. 

The principal range is bounded on the north and south by 
vast plains running parallel to the mountains, that is, north- 
northwest and south-southeast. The northern plain meiges 
insensibly into the southern prairies of Bussia, the Bouthon 
serve to separate the two Isthmus ranges. 

By the north and south and north-northeast and south-soath- 
west upheavals they are almost equally partitioned. The plat- 
eau north of the Elbruz forms, on the northern plain, an east- 
em division, along the valley of the river Terek, which belongs 
to the basin of the Caspian sea, and a western division belong- 
ing to the Black sea. 

The southern plain is divided by the Karthlo-Imeritia moun- 
tains into the valley of the Kur, in the Caspian basin, and into 
that of the river Bion, in the Black sea basin. 

These two plains may be considered as the remains of straits 
which united the Black sea and the sea of Azoff to the Cas- 
pian. The upheaval of the Karthlo-Imeritia mountains and the 
plateau north of the Elbruz mainly caused the separation of 
these two basins which now show a very considerable difference 
of level; for the surface of the Caspian is nearly 80 feet below 
the level of the Black sea, and the level of the latter must be 
looked for, some distance from the mouths of the rivers Terek 
and Kouban. 

The sedimentary formations of the Isthmus of the Caucasus 
belong to the Jurassic, Cretaceous and Tertiary periods. With 
the exception of certain Tertiary beds, none of these strata are 
rich in K)ssils, but a sufficient number have been found to es- 
tablish the fact that we here have representatives of the Euro- 
pean deposits indicated below. The Jurassic of the Caucasns 
coiTcsponds to that of Germany, and, as a consequence, includes 
the equivalents of the Oolite and Lias, both of which are largely 
developed. The Wealden is wantiug; the Cretaceous strata 
belong to the epochs of the Neocomian, the greensand or gault 
and white chalk. The Tertiary strata may be referred to the 
Eocene, Miocene and Pliocene epochs, all of which are rich in 
fossils. Among the igneous and metamorphic rocks are granite, 
gneiss, feldspathic porj)hyry, diabase, melaphyre, basalt, diorite, 
trachyte, trachytic tufa, obsidian and phonolite. To these 
should be added a group of metamorphic schists, viz., chloride, 
talcoae, and argillaceouB. T\ie^Q \qA>\at %x^ tsi^I obundant in 
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the central part of the principal chain where they form the ser- 
rated crest. The same rocks are also found in the Little Cau- 
casus, but not in great force. From the want of fossils, it is 
impossible to say whether these metamorphic slates belong to 
the Liassic formation or one still more ancient. 

Granite and gneiss are found upon the northern slope of the 
principal chain between Elbruz and Kazbek, in the valleys of 
the tnbutaries of the Terek. Over all this region the granite 
occupies the lowest place of all the rocks visible, and, judging 
from the' observations already made, it would seem that the 
granite masses in the region indicated the base of the principal 
mountain chain, associated with which are pjrroxenic and tra- 
chytic rocks, wmch have been the active agents in the elevation 
of the metamorphic rocks. 

On the southern slope, granite appears at one point in the 
chain of Karthlo-Imeritia, and here also occupies the lowest 
position. 

The pjrroxenic rocks, as melaphyre, pjrroxenite, porphyry, 
basalt, and all the varieties of felds})athic porphyry, make their 
mpearance in the different parts of the principal chain of the 
Caucasus. These rocks are not only the agents of elevation of 
the main chain, but they also form the most elevated summits 
between Fischt and Teboulos-mtha. 

At the northwest of Fischt, in Daghestan, all the igneous 
rocks are covered by sedimentary deposits of enormous thick- 
ness, and such as have suffered great changes. In the south- 
east portion of the Little Caucasus, known under the name of 
the mountains of Karaba^h, amphibolic rocks, diorite and syen- 
ite, are found, but the pnncipal agents in the formation of the 
Little Caucasus would seem to have been trachytic rocks, such 
as trachytic, trachyte tufa, obsidian, and phonolite. In the 
western part of this chain, the rock and strata form ^eat pla- 
teaus, wnich are sometimes deeply cut by fissures, in which 
the draining streams flow. There are also here many crater- 
form depressions, which are now occupied by water, forming a 
series of lakes. The most remarkable of the plateaus arc those 
of Gori and Alexandropol, which have an altitude of 4500 
feet above the level of the sea, and the plateaus of Akhalkalaki 
and Baiazette, which are 5000 to 6000 feet above the sea level. 

The largest of the lakes to which I have referred are Topo- 
ravan, at an elevation of 5600, and Goktschai, 5925 feet. The 
latter is 70 kilometers long, and 35 kilometers wide. 

In the Little Caucasus the trachytic rocks have not only con- 
tributed to form the plateaus, but compose many of the conical 
summits, as Mt. Ararat and Mt. Alagoz. The trachytes are far 
less abundant in the main chain of the Caucasus, bela^tk^et^ 
limited to the axis of elevation on which ^t,'EV\>x\vL\s^«^^^^'^^'^ 
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The sedimentary strata which covers the i^eous and crys- 
talline rocks, and which enter so lar^ly into the composition of 
the mountain chains of the Caucasian isthmus, belong to the 
Jurassic and Cretaceous formation. 

The Tertiary strata are spread over the plains bordeiiiiK the 
Great Caucasian chain, both on the north and south, the tHBins 
traversed by the rivers Terek and Kuban on the norm, the 
Rion, Kur and Araxes on the south. 

From the northwestern extremity of the main chain of the 
Caucasus, as far east as Mt. Elbruz, the portion of the stratified 
rocks is quite regular. They here lie in a series of parallel folds, 
which have a northeasterly trend. It results firom the regu- 
larity in the position of the strata, that on going from the msin 
chain toward the north, each new element in the geol<^cal se- 
ries represents a more recent, while on going south from tiie 
axis, more and more ancient strata are successively passed over. 

South and east of Mt. Elbruz, the relations of tne diffident 
strata become very complicated and obscure, from the intersec- 
tion of various lines of elevation. In Daghestan and the Little 
Caucasus, this irregularity in the position of the sedimentary 
rocks is particularly marked. 

In the Tertiary deposits, the Eocene and Miocene beds ex- 
hibit some of the undulations which characterize the underly- 
ing rocks ; but the Pliocene and Arabo-Caspian deposits are 
almost always quite horizontal. 

The line of contact of the amphibolic and pyroxenic rocks, 
with the other igneous rocks, as well as with the sedimentary 
strata, is almost always, throughout the Caucasus, marked hj 
the presence of metallic ores. As regards the number of min- 
eral cfcposits known and worked, the Little Caucasus should be 
given the first place. 

Argentiferous galena has been found in nearly all the moun- 
tainous portions of the Caucasian Isthmus. The inhabitants 
of these districts, warlike in character and devoted to the 
chase, have always needed lead with which to form their bul- 
lets, and from this cause the veins of this mineral have not 
only been sought and discovered, but in many places they have 
been exteusively worked. To obtain metaUic lead from the 
ore, this latter is melted in small furnaces, in a very rude way, 
the silver which it contains being neglected. 

The most im])ortant veins of lead are found on the northern 
slope of the main chain of the Caucasus, between Mt. Elbnu 
and Mt. Kazbek, in the valleys of the rivers Ard and Baksan, 
tributaries of the Terek. Here the galena is accompanied by 
blende, copper and iron pyrites, in veins cutting granite, diorite, 
and metamorphic slates. 
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The mountaineers have had knowledge of these veins for a 
very long time, and have worked them somewhat, but in a very 
primitive manner. Ten years since, these deposits were pur 
chased hy the Russian government, for the purpose of intro- 
ducing their improved methods of mining and reduction. Af- 
ter some years spent in explorations, the mines were regularly 
opened, and smelting works established, which have, up to the 
present time, produced about 1600 kilograms of silver, and 
1,600,000 kilograms of lead. In the Little Caucasus there 
are veins of argentiferous galena, which were worked in an- 
cient times by the Greeks of Asia Minor, who were able not 
only to obtain the lead, but also to separate the silver from it. 
Since the commencement of the present century, these mines 
have been entirely abandoned by tne Greeks, probably from the 
impossibility of following the veins to great depths, with their 
imperfect system of mimng. 

Copper is also found in the Great Caucasus, but in much 
the larger quantity in the mountains of the Little Caucasus. 
For the most part, the ores of copper found there are sulphids 
which occur in veins in erupted masses of diorite. Copper 
has been mined on the Caucasus from the remotest antiquity. 
The process employed, both of mining and heating the ores, 
were of the simplest character, and such as belong to the 
infancy of the art. The productions of the copper-bearing 
districts is doubtless due to the richness and abundance of the 
ore. The average richness is from 10 per cent to 15 per cent 
metallic copper. The annual production of copper is at pres- 
ent about 156,000 kilograms. In the mines of copper, ores of 
cobalt have been found within the past two years. These 
are not treated at home, but are exported to Saxony in large 
quantities. 

The ores of Iron, as specular ore, are found on the southern 
elope of the principal chain of the Caucasus, on the upper 
part of the valley of the river Rion, and also in great quantity 
on the northern slope of the Little Caucasus. Generally these 
ores are found in veins which accompany erupted masses ot 
porphyry. They have been worked for ages in these two lo- 
calities, but in a very rude manner. The iron is produced in 
small Catalan forges, and in blooms that are subsequently far- 
ther worked in a kind of blacksmith's forge. Naturally, the 
production of iron by this process would not suffice for the 
supply of the country ; and the wants of the indispensable 
metal is mainly met by importations from the furnaces of the 
Urals. Only within the last five years, have properly built 
and efficient iron works been established in the country under 
consideration. 

[To be continued.] 
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Art. XX. — On some points in the Geology of Vermont; by 
T. Sterry Hunt, F.R.S., of the Geological Suirey of 
Canada. 

(Read before the meeting of the American Aflsodation at Chicago, Augoit, 16€8.) 

It is proposed in the present communication, to state some 
facts with regard to the distribution of the paleozoic rocks of 
western Vermont, but before doing so it will be well to recdl 
certain points in the geology of the province of Quebec. In this 
province, to the southeast of the St. Lawrence, there is dis- 
played a great series of rocks to which Sir William Lcmzab has 
given the name of the Quebec group. In the geology of Canada, 
published in 1863, this group was divided mto two parts, an 
upper called the Sillery, and a lower the Levis formation, whik 
some black limestones and shales occurring at the base of the 
latter were referred, doubtfully, to the Potsdam formation. 
These have, however, since been found to be paleontologically 
connected with the lower and fossiliferous parts of the Levis 
formation, as seen in the section on the island of Orleans near 
Quebec, the whole forming a natural division, which indodes 
4680 feet at Phillipsburg with the addition of the lower 1285 
feet of the Orleans section, where the inferior measures of the 
group, seen at Phillipsburg, are not brought into view. To 
this portion of the Quebec group it has been found convenient 
to restrict the name of the Levis formation, while the succeed- 
ing part of what was at first called by that name, extending 
upward to the base of the Sillery, is distinguished as the Lauson 
formation. 

The entire thickness of the Levis, so far as known, is over 
6,000 feet, and that of the Sillery about 2,000, while the Lau- 
zon is extremely variable, ranging from a lew hundred to more 
than 2,000 feet in thickness. 

This middle division is characterized by two bands of magne- 
sian and metalliferous rocks, one near its base, and the other at 
its summit. The latter band, for convenience of definition, has 
been united with the succeeding division or formation, and is 
represented on the geological map as forming the base of the 
Sillery. These two magnesian bands are of considerable eco- 
nomic importance, and contain interstratified deposits of copper, 
iron and chrome ores, together with dolomite, magnesite, stea- 
tite, serpentine, diorite, chloritic and epidotic rocks, associated 
with reddish and greenish shales and sandstones. The fauna 
of the upper divisions of the Quebec group is as yet limited to 
an OboleUa and two species of Lingula in the Sillery, but the 
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Levis division has yielded a great number of organic forms 
which have been carefully studied by Mr. Billines and Prof. 
James Hall. The latter has described not less than fifty-one 
species of GraptolitidesB, which are figured in the second de- 
cade of Canadian Fossils, while most of the other species, in- 
cluding twenty-eight brachiopods, forty-two gasteropoda, twen- 
ty cephalopods, and seventy-four crustaceans, have been de- 
scribed by Mr. Billings. The whole number of species described 
up to this time from the Levis formation, is 219 ; of these 
five have been detected in the Chazy and ten in the Galciferous, 
all the others bein^ peculiar to the Quebec group, whose posi- 
tion is thus, it would seem, clearly defined as intermediate be- 
tween the Calciferous and Chazy formations; none of its nu- 
merous species having been recognized in higher or lower rocks 
than these. The chief localities of these fossils are at Point 
Levis and Orleans island near the city of Quebec, and at Phil- 
lipsburg and Famham near Missisquoi bay; but many of the 
characteristic forms are met with at numerous points between 
these two regions, the graptolites of the division in particular 
having been recognized among the cupriferous diorites on the 
St. Francis at Drummondville, and in the plumbaginous slates 
near the outlet of Lake Memphramagog. 

This ^oup of rocks appears in the province of Quebec along 
the southeast side of a great fault which has been traced from 
far below the City of Quebec to the line of Vermont on Missis- 

auoi Bay. By this dislocation it is raised up along side of 
ae rocks of the Trenton and Hudson river formations, and in 
one place is brought in contact with the Medina formation. 

These higher strata, which are in some cases inverted along 
the line of fault, are often overlaid, and thus made to 
pass beneath the Quebec group. A little to the south of the. 
province line this same fault brings up a still lower formation, 
the Red Sandrock of Vermont. This has been traced continu- 
ously from near Missisquoi bay to Shoreham, along the east 
side of the line of fault, while to the west appear the over- 
turned and overlaid strata of the various formations from the 
Calciferous to the Hudson river formation inclusive. The line 
of fault is somewhat irregular, and where it has been affected 
by subsequent denudation, evidences of great overlapping are 
seen, the strata of the Hudson Biver formation, according to 
Sir William Logan, passing in some cases not less than a mile 
beneath the nearly horizontal layers of the Red Sandrock, which 
were by the earlier observers very naturally referred to the Me- 
dina formation, itself a red sandstone, and next in natural suc- 
cession to the Hudson River formation ia ^^^v York series. 
In like manner the strata of the Quebec i^^^^lkh^ in Can- 
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ada, were found overlapping^ the Trenton limestone were re- 
garded as belonging to the Hudson River formation until the 
study of their fossils led the way to a knowledge of their true 
age and relations. 

The late Dr. Emmons supposed the Bed Sandrock to include 
the Potsdam and Calcifcrous formations, though he at the same 
time completely misunderstood, as will be shown, its strati- 
graphical relations. Certain trilobites found in this formation 
by Prof. Adams in 1847 were recognized by Prof. Hall as belong- 
ing to the European genus Conocephalus, whose geological hor- 
izon was then undetermined, but which was afterwaras shown 
to be a primordial type, and led Mr. Billings in 1861, to refer this 
sandrock to the Potsdam formation. (This Journal, II, tttii^ 
232.) Subsequently the Bev. Zadock Thompson discovered in 
the slates of Georgia the trilobites which were by Emmons de- 
scribed as Paradoxidea, but by Prof. Hall were recognized as a 
new genus Olenellits, of which he described two species, O. Fcr- 
montana and 0. Tho^npaoni. Notwithstanding its designation, 
the Bed Sandrock of Vermont consists in ^at part of a red 
or mottled granular dolomite associated with beds of fuooidai 
sandstone, conglomerate and slates. 

This formation is well displayed in a section examined by 
Sir William Logan in Swanton, about two miles south of the 
boundary line between Quebec and Vermont, and described in 
the Geology of Canada, page 281. The thickness of the series 
here regarded as belonging to the Potsdam formation is 2,200 
feet, intercalated in which, and about 500 feet from the base, 
occur 130 feet of gray and bluish-black slates, containing 
the two species of Olenellus noticed above, with Oonocqpikc^ 
liteSj Obolella, Orthisina, &c. These slates have been traced 
southward to a locality in Georgia, where the same species of 
Olenellus occur in similar slates. The strata of the Potsdam 
formation in Swanton pass to the eastward beneath black shales 
and thin-bedded limestones holding the characteristic fossils of 
the Quebec group, and apparently representing the upper por- 
tion of the Levis formation. The superposition of these is well 
seen at Herrick's Mills, besides other places. The Levis forma- 
tion may be traced northward around the extremity of the Pots- 
dam rocks till it appears between these on the east, and the 
strata of the Trenton group on the west, forming a tongne 
which becomes narrower and disappears to the southward where 
the Potsdam comes directly up against the Trenton group. A 
little above this point, however, a section from Highgate Springs 
eastward takes us from the Trenton across a fault bringing up 
the Levis formation, followed at the distance of a mile farther 
eastward by a second dislocation by which the Potsdam is 
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brought up e^inst the Levis, and again passes beneath it to 
the east, as in the Swanton section. By the second upthrow, a 
tongue of the Potsdam is carried northward a distance of about 
ten miles in the midst of the Quebec group. The details of 
this structure are fully given in the map and sections of this 
i-^ion by Sir William Logan, contained in the atlas accom- 
panying the Geology of Canada. It is to be remarked that 
the lowermost beds of the Levis formation which are seen to the 
westward between the Trenton and the Potsdam, do not appear 
along the eastern limit of the latter, which is overlaid by beds 
belonging to the summit of the Levis, from which Sir William 
Logan conjectures a want of conformity between the two for- 
mations. The unconformability, in this vicinity, of the over- 
lying rocks with the Potsdam is also to be inferred from the en- 
tire absence of the Oalciferous from its place between the Pots- 
dam and Levis formations in this locality, although in New- 
foundland it appears in its proper position, and with a thick- 
ness of no less than 2,700 feet, resting upon more than 5,000 
feet of rocks which are referred to the Potsdam group, and 
overlaid by the Quebec group, which there appears rally devel- 
oped. 

It happens then from the facts already set forth, that the 
Potsdam formation, which at its outcrop at the foot of the 
Adirondacks and Laurentides, includes only from 300 to 700 
feet of sandstone, is represented a few miles to the eastward by 
not less than 2,000 feet of dolomites, sandstones and slates, and 
moreover that occupying a position between the Oalciferous and 
Chazy formations, which are contiguous at their eastern out- 
crop, there becomes intercalated within this short distance, a 
fossiliferous group, several thousand feet in thickness. Sir 
William Logan explains these remarkable differences between 
the two regions in the following manner. At the begin- 
ning of the Silurian period, when the nucleus of the present 
continent was composed of Laurentian and Huronian rocks, 
partly rising into hills and in part forming a region of slight 
elevation, there were deposited in the surrounding seas the first 
fossiliferous beds of the period. To this succeeded a depression 
of the bed of the continent, upon the surface of which were then 
successively laid the shallow water deposits, which are known 
in New York as the Potsdam sandstone and the Oalciferous 
Sandrock. Meanwhile strata characterized by a similar fauna 
to these, but having very different lithological character, were 
formed in the deeper waters which surrounded the continental 
plateau, this being submerged and elevated at intervals, became 
overlaid with beds which represent only in a partial and unin- 
terrupted manner, the great succession of strata that were bw\% 
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accumulated in the adjacent ocean, and which conBtitate to the 
eastward, the rocks of Quebec and Vermont, and in the west 
the great thickness of sediment contemporaneous with those 
which form the metalliferous series of Lake Superior. 

Already, at this early period, movements were ^oinff on in 
the earth's crust, folding and dislocating the paleozoic Be£ment8y 
within what we may call the oceanic area, while those of the 
continental plateau were at the same time left nndiBtorbed. 
This Sir William Logan explains by the resistance offered by 
the solid continental gneiss. He says, '^ we may suppose that 
if a sufficient lateral pressure were applied to strata thus aoca- 
mulated, and arranged, there would result a series of folds run- 
ning in a direction at right angles to that of the force, with 
prevailing overturn dips toward the line of resistance. The 
solid crystalline gneiss offering more resistance than the newer 
strata, there resulted a break coinciding with the inclined plane 
at the junction of these with the gneiss. The lower paleoioie 
strata pushed up this slope would then raise and fracture the 
formations above, and be ultimately made to overlap the portion 
of those resting on the edge of the higher terrace, after proba- 
bly thrusting over to an inverted dip, the broken edge of the 
upper formations. The shallow- water strata of the higher 
terrace relieved from the pressure by the break, would remain 
comparatively undisturbed, and thus the limit of the more cor- 
rugated area would correspond with the slope between the deep 
and shallow waters of the Potsdam period. The resistance of- 
fered by the buttress of gneiss would not only modify the main 
disturbance, but would probably also guide or modify in some 
degree, the whole series of parallel corrugations, and thus act 
as one of the causes giving a direction to the great Appalachian 
chain of mountains." (GeoL of Canada, p. 297.) 

In further illustration of this view, I have to communicate a 
recent discovery which shows the progress of the change from 
the continental to the oceanic area, and demonstrates that at a 
point where the Potsdam had already assumed the character of 
the Red Sandrock, it was overlaid by all of the members of the 
New York series, up to the Hudson River group, inclusive. It 
is now some years since Mr. Billings of the Canada Geological 
Survey received from Messrs. C. H. Hitchcock and A. D. Hager, 
fossils apparently newer than the Quebec group, from a place 
to the east of the Potsdam in Sudbury, Vermont, and in 1866, 
the Rev. Augustus Wing, of Bridport in that state, correctly 
determined these to belong to the Trenton formation, and sent 
specimens of the fossils to Mr. Billings, who in April last, 
visited, and carefully examined* the locality, with Mr. James 
Richardson. The following are the facts observed along a line 
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of section passing from Crown Point in New York across the 
head of Lake Ohamplain and through Bridport to Oornwall in 
Vermont. Passing from the Laurentian across the various 
members of the New York series, we reach the limestones of 
the Trenton group of the east shore of the lake and then en- 
counter the Ghazy formation which is brought up along a gen- 
tle anticlinal, and is succeeded by the Trenton, Utica, and Hud- 
son Biver formation all sloping gently to the eastward until 
we come to the great fault which brings up the Bed Sandrock. 
All the preceding details are shown on Mr. Hitchcock's map 
which accompanies the Geology of Vermont. This red sand- 
rock which is here seen to overlap the Hudson Biver formation 
dips eastward at a small angle and is overlaid by a great mass 
of limestone holding the characteristic fossils of the Oalciferous, 
among which, as determined by Mr. Billings, are Ophileta com- 
planata^ BcUhyurus conicua, Asaphus candlis, and others too 
obscure to be identified. These fossils were first discovered by 
the Bev. Mr. Wing in Sudbury. At the summit of the forma- 
tion, Mr. Billings was enabled to detect other obscure forms 
which resemble those of the Levis formation, and seem to indi- 
cate the first appearance of the Quebec group in its place be- 
tween the Calciferous and Chazy formations. Next in ascend- 
ing sequence, occurs a mass of limestones not less than 2,000 
feet in thickness, and probably representing both the Chazy and 
the Trenton. From it the following Trenton species were ob- 
tained by Mr. Billings in Sudbury : Stenopor a fibrosa, Petraia 
comiculumj Olyptocrinua ramulosua, PtUodictya acutay Lep- 
tcsna sericeaj Strophomena aUemata, Orthis testudinariay 0. 
pectineUaj Pleurotomaria lenticularis, P. rotvloidta and IW- 
nndeue concentrtcus. 

To the east these limestones are cut off by a second disloca- 
tion, which brings uj) the Levis formation, with its characteris- 
tic fossils against the Trenton. A ravine marks the line of 
fault, which has been followed for a distance of more than 
twenty miles from the southern line of Sudbury northward to 
Weybridge, where it joins the great western fault. To the 
west of this line, fossils of the various divisions of the Trenton 
group are found in numerous localities, and to the east, the 
characteristic forms of the Levis formation, among which Mr. 
Billings has detected Pleurotomaria QuebecenaiSy P. Missis- 
quoiy Murchisonia Vesta, Ophileta beUa, Maclurea matutina, 
m. pondersa, and Bathyuras Saffordi, besides which many 
large Orthoceratites are seen in section. These fossils are found 
in many localities in Sudbury, Cornwall, Middlebury, and 
Brookville. The limestones are for the most part bluish, but 
are closely associated with the white marbles qy 




228 T. 8. Hunt on some points in the Otology of VemumL 

localities. Thus at Brookville, Mr. Billings found Levis fossfls 
immediately above and below the white marbles, clearly showing 
these beds of white crystalline limestone to belong to the lower 
portion of the Quebec group. This confirms the view expressed 
by me in this Journal for May, 1861, page 392, that these mar- 
bles represent a gi*eat development of calcareous matter in the 
Quebec group and are to be regarded as beds of chemicallv pre- 
cipitated carbonate of lime, and not limestones of organic orir 
gin. Their great purity and crystalline texture depend upon 
original conditions of deposition, and not upon any subsequent 
alteration. 

In this connection it may not be out of place to notice some 
of the views of the late Dr. Emmons which have lately been re- 
suscitated, with certain modifications, by the Bev. J. B. Peny, 
in a communication to the Boston Society of Natural History 
in December last. Dr. Emmons conceived the Bed Sandrock 
to be the base of the Silurian system, and to rest upon an older 
and unconformable series of rocks, to which he gave the name 
of the Taconic system. His views, thoudi rejected by all Ameri- 
can geologists, have been supported by Mr. Jules Marcon, who, 
however, differs from Dr. Emmons in including the Bed Sand- 
rock in the Taconic system, in which he is followed by Mr. 
Perry. For an exposition of the views of Dr. Emmons and 
of Mr. Marcou's curious misconception of them, the reader is 
referred to this Journal, II, xxxii, 427, and xxxiii, 135, 281. 

According to Mr. Perry, the slaty rocks which appear to the 
east and west of the Bed Sandrock, belong to two older forma- 
tions or divisions, which he describes as Lower and Middle Ta- 
conic. In the latter he includes the Georgia slate with its pri- 
mordial species and the Swanton slate considered to be still 
lower, with ^aptolites and Atops trilineattM Emmons, while 
he refers to tne Lower Taconic, the slates, limestones and con- 
glomerates of the Quebec group. This Middle Taconic is made 
up of three distinct series of black and brown shales, none, 
however, older than the Potsdam : 

1st. His Swanton slates. These are the Utica and Hudson 
River formations which are distinctly overlapped by the Pots- 
dam at various points along its western border, as at Sharp- 
shins and Appletree Point, near Burlington, where the super- 
postion is clearly seen, and where Triarthrua Beckii (^Atops), 
is found in the underlying Hudson River slates. An excellent 
section, showing the superposition of the Potsdam to the Hud- 
son River formation at St. Albans, is given by Mr. Hitchcock 
in the Geology of Vermont, page 374. 

2d. The Georgia slates which are but an interstratified part 
of the Potsdam^ as appears from the section at Swanton. The 
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Conocqphalites Teucer Billings, cited by Mr. Perry as charac- 
teristic of these supposed lower slates, is, according to Mr. B., 
common to the slates and to the associated Bed Sandrock. 

3d. The black slates to the east of the Potsdam which 
belong to the Levis formation, and afford its characteristic fos- 
sils at various points all along their outcrop. We have seen 
that the Levis formation with its graptolitic slates had been 
at an early date confounded with the Utica and Hudson Biver 
formations in Canada, and all of these have now been con- 
founded with the Georgia slates to make up the Middle Taconic. 
Finally, it remains to be said that this view consigns to a still 
more remote period, the lower Taconic, the great mass of the 
Quebec group which lies between the lines of fault already 
alluded to and the Green mountaims, including the white mar- 
bles or Eolian limestones with their associated fossils, the Or- 
thoceratites, Maclureas and other fossils already named, which 
no paleontologist would think of assigning to a horizon below 
the Potsdam. 

To sum up in a few words — all the evidence, paleontological 
and stratigraphical, as yet brought forward, affords no proof of 
the existence in Vermont of any strata (a small spur of Lauren- 
tian excepted) lower than the Potsdam formation, which the 
present advocates of the Taconic system regard as forming its 
summit. The supposed more ancient Middle and Lower Taconic 
clearly consists in part of Potsdam, in part of Utica and Hud- 
son Biver, and in part of the Quebec group, which also consti- 
tutes the Lower Taconic. To the upper portion of the Quebec 
group, the Geological Survey of Canada nave already referred 
the gneiss of the Green mountains, assigning to this chain a 
synclinal structure, nor does there yet seem to be any reason to 
believe otherwise. 

That strata still older than the Potsdam of New York and 
Vermont were deposited in some portions of the oceanic area, 
is apparent from the existence in New Brunswick of the St. 
John's slates holding a primordial fauna older than the Pots- 
dam, and it is not impossible that their equivalents may under- 
lie the Potsdam formation of Vermont. No such rocks have, 
however, as yet, been detected either in Vermont or Canada, and 
to preserve the name of the Taconic system as the designation 
of a series of rocks older than the Potsdam and lying uncon- 
formably beneath it, is siinply to perpetuate an unmrtunate 
mistake which I believe Dr. Emmons, if now living, would, with 
the paleontological evidence at present before the world, be the 
first to acknowledge. 
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Art. XXI. — Contributions from the Sheffield Laboratory ^ 
Yale College. No. XVII. — On WiUemite andTqphroite; hj 
William Gt. Mixter, Fh.B., Assistant in the Sheffield 
Laboratory. 

The willemite occurring in the well known franklinite and 
zincite veins at Mine Hill and Stirling Hill in Sussex Co., New 
Jersey, has been frequently analyzed; but the results obtained 
by different chemists vary considerably.* This variation may 
be explained in part by the fact that specimens taken from 
near the surface are sometimes altered by the oxydation of the 
manganese. This is especially true of many specimens of the 
so-called troostite which on the exterior of the crystals are 
blackened and quite opaque, while the interior is often a tnuu- 
lucent to transparent honey-yellow mineral. There is further- 
more a great variation in color even of the unaltered mineral, 
which is found shading from almost pure white to apple-green 
through different tints of yellow and red. 

Having recently visited the locality and obtained some re- 
markably fresh and unaltered specimens, I have undertaken 
their analyses with the following results on three different vi- 
rieties. 

I. Apple-^reen Willemite, — This variety is found in consid- 
erable abundance on Mine Hill, but is apparently of not so fre- 
quent occurrence at the Stirling Hill mines. It has a bright 
apple-green cclor, shading in some instances almost into white. 
Inmost specimens it is intimately mixed with franklinite, zinc- 
ite and calcite, but the masses are often sufficiently laise to 
allow of its easy selection free from these minerals. No diffi- 
culty was experienced in obtaining the green mineral perfectly 
pure for analysis. Specific gravity =4'lo (at 17® 0.) Hardness 
=5*5. A qualitative analysis indicated besides zinc and silica, 
a considerable portion of manganese and traces of iron and 
magnesia. The mineral readily gelatinizes with acids and after 
the separation of the silica in the usual manner, the quantita- 
tive separation of the iron was effected by precipitating it as 
basic-acetate, and from the filtrate the manganese was uirown 
down as oxyd by oxydation with bromine, this oxyd was filtered 
off, washed and re-dissolved and precipitated with carbonate of 
soda and weighed as proto-sesquioxyd. The zinc was thrown 
down from the filtrate from the oxyd of manganese as sulphid, 
subsequently re-dissolved and precipitated by carbonate of Boda. 
The magnesia was separated from the filtrate from tiie sulphid 

* For analyses, boo Dana's Mineralogy, 6th ed., p. 262. 
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:nc aa ammonio-phospliate and weighed aa pyro-phoBphate. 
.t care was taken to ensure the complete separation of the 
rent bases and the purity of the different precipitates, 
analyses gave: — 

I. 2. Uean. Oxjgea. 

^ 27-43 27-36 27-40 14-«1 14-81 

-oxyd, 66-88 66-88 18'1» 1 

ganonsoxyd, 6-69 6-78 e-73 1-29 V 14-49 

oufl oxyd,... 0-06 0-06 0-Ofl -01 ) 

nesia, trace trace trace 

ion, 0-18 0-18 018 



. Roney-yellovj WiUemiie. — This variety occurs in hexs£- 
crystals with rbombohedral terminationB imbedded in the 
ly crystalline and cleavable limestone as well as sometimes 
oately associatod with the zincite and franklinite. The 
imen selected for analysis was translucent, almost trans- 
nt, of a honey-yellow color, and formed the interior of a 
»1 an inch or more in diameter, which exteriorly was of a 
yellowish to flesh-red color. The mineral was entirely&ee 
. any traces of Iranklinite or zincite. Specific gravity = 4-11 . 
lnes8=5-5. B.B. same as No. 1. Analyses conducted as 
re described, gave 

1. 2. IfMn. OxTgeD. 

\, 27-75 28-09 27-92 1489 14-89 

oxyd, 68-05 67-62 67-83 11-42' 

^anonsoxyd, 12-62 12-57 12-59 2-64 

ousoxyd,... 0-49 0-74 

nesia, 1-16 1*12 

;iou, 0-28 " 0-28 vio 

100-84 100-42 100-38 

I. Ash-gray mineral. — ^This variety is foimd at the north 

ling on Mine Hill. Some specimens show a distinct cleav- 

In one direction, while on others, little cff nQjdfiWBge can 

bserved; and althouo;h the minerals 

itephroite, still the decision that it i 

■ reached until it was analyzed. 

:ontains disseminated through it, 

lometimes giving it a reddisii tin^ 

ingly difficult to select pure material I 

ity=4» Hardness = 5-5. B. B. the m i . 

; green and honey-yellow willemite, tm^' 

ly » tTpoemphicai error, tlio specific gravity 
d by CoUW and liugue is atutud in in; art 
l-n and S-ST, uutesd of 31)7 and 381.— o. 
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a white enamel, turns black and gives a black glass on fanon 
Two analyses of the mineral selected with great care to free it 
from the zincite yielded: 

1. 2. MeazL Oxjgen. 

Silica, 29-42 29-46 29*44 lo'TO 15-70 

Zmcoxyd, 7-36 7-36 736 1-45' 

Maiigauousoxyd, 67-55 67-07 67'31 12'91 

Ferrous oxyd,--- 0*89 0-84 0-87 -19 i- 16-27 

Lime, 2-51 2-52 2-61 0*72 

Magnesia, 2*49 2*61 2*60 I'OO 

Ignition, 0-27 0-27 0-27 

100-49 100-03 100-26 

The method employed in the analyses was essentially the 
same as in the other minerals, except that the lime was sepa- 
rated from the filtrate from the sulphid of zinc as oxalate prior 
to the precipitation of the magnesia as phosphate. 

The results of these analyses prove the three minerals to be 
all true unisilicates. In I, we have the oxygen ratios of baaee 
to silica as 14-49 : 14-61, in II, 1486 : 1489. The green 
willemite contains 5*77 per cent of manganous oxjd while the 
very pure honey-yellow mineral contains 12*59 per cent, thus 
diflTenng in composition very materially from the willemite of 
European localities. This is a much higher percentage of 
manganous oxyd than obtained in any other analysis of the 
American mineral. The ash-colored mineral, as appears from 
the analysis, is proven to be tephroite. It bears a close resem- 
blance to a specimen of the original tephroite received from 
Prof. Breithaupt by Prof. Brush, but it was first thought that 
it differed from this chemically in having a portion of the man- 
ganese replaced by zinc. A mor6 careful examination of tlie 
specimen analyzed with a magnifier, shows that besides having 
zincite as a mechanical impurity, it also contains dissemiated 
through it minute specks of pale green, almost white, willem- 
ite, and it was not found practicable to select the tephroite for 
analysis free from this impurity. But specimens since found at 
the locality appear to be entirely free from this admixture. 
The analyses are of interest as identifying the ash-gray varictv 
of tephroite originally described by Breithaupt, and which 
hitherto had not been re-discovered at the locality. It occutb 
in considerable abundance at the north end of Mine Hill, and 
may be readily distinguished from willemite by its ash-gray 
color, its pyrognostic characters, and its ordinary feldspar-Jihe 
cleavage. 

New Haven, June 25th, 1868. 
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^BT. XXII. — Notices of papers in Physiological Chemistry. 
No. I. — By George F. Barker, M.D. 

1. On HoBmaioicUn. 

Holm has published* the results of a research upon this 
lubstance, made in the laboratory of Professor Btiideler in 
5urich. The investigation was undertaken for the purpose of 
being more accurately the properties of h^matoidin, as well as 
o settle the question of its identity with bilirubin. To this 
ind, Holm first prepared this latter body, both from gall-stones 
ind from human bile ; confirming minutely all the properties 
)reviously assigned to it by Stadeler. 

The heematoidin was obtained fix)m several sources. Apo- 
)lectic clots in the brain were first used; but the quantity thus 
obtained was small, permitting merely the fact of the yellow 
lolor of the chloroform solution and its change to green on 
izposure to light, to be noticed. The yellow masses from the 
ovaries of the cow were taken for a final trial. These corpora 
utei contain haematoidin crystals, many of those figured by 
?unke being from this source. When an ovary is divided 
engthwise, the most recent yellow bodies, which appear upon 
he exterior of the organ as large yellowish-red conical protu- 
)erances, are found to consist of a soft juicy mass, colored 
various shades of yellow, and crossed by radiating lines. The 
dder bodies are cinnabar-red in color, dry, and granular. Well- 
brmed crystals were rarely observed even with a magnifying 
)Ower of 300 diameters ; though aggregations of short needles, 
ind irregular reddish tables were noticed, which, especially in 
he younger bodies, were mixed with yellow fat. Nitric acid 
iontaining nitric peroxyd tinged the mass greenish-blue, tran- 
iently. 

Both chloroform and carbonic disulphid may be used for the 
extraction of haematoidin, since both yield it crystallized. 
John's process of preparation was as follows : All the red and 
rellow bodies were cut from the ovary with scissors, freed as 
^mpletely as possible from the surrounding tissues, and rubbed 
o a fine pulp with pounded glass; this pulp was then placed in 
i flask with chloroform, and allowed to stand for several days, 
)eing frequently agitated. Upon filtration, a deep gold-yellow 
K>lution was obtained, which on spontaneous evaporation, left 
k semi-fluid yellowish-red fatty mass. The fat was evidently a 
;olvent of the haematoidin, since it was not until after some 
lays that crystallization began. As it proceeded, the fat gave 

♦ J. pr. Ch, c, 142, March, 1867. 
Am, Jour. Sci.— Second Series, Vol. XL VI, No. 187.— Sept., 1^*^ 
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up its coloring matter to the crystal ; leaving finally single and 
nearly colorless fat drops, each of which contained a sm^, bat 
very beautifully defined hsematoidin crystal. 

If the formation of these crystals be watched under ihe 
microscope with a power of 150 diameters, they will first be 
seen as acute three-sided tables, one of the sides being firequentlf 
curved. Generally, two of these triangular crystals nnite ^SJ 
their bases, thus giving the rhombic table, so characteristic k 
haematoidin. Sometimes there is an indentation at the obtiue 
angle of the rhomb, into which otlier pairs of twins may grow, 
producing four pointed stars. And these, by the filling in of 
their reontering angles, pass into square tables, which increaae 
in thickness and resemble cubes. The obtuse angle of the 
rhomb too, is often rounded. 

Haamatoidin is one of the most beautiful substances known 
to organic chemistry, resembling murexid very closely. By 
reflected light, perfect crystals show a magnificent canthaiidtt- 
green color and a metallic luster ; by transmitted light thej 
appear red. If not too thick, the crystals, as viewed underlie 
microscope, seem to be a pure magenta red ; and a number of 
crystals irregularly aggregated together show a rich blue or 
violet tint. 

The complete purification of these crystals from the adhering 
cholesterin and lat, is exceedingly difficult. After removing 
the greater part of the fluid fat by agitation with absolute 
alcohol, a tenacious fatty mass was left which dissolved only in 
ether. As the heematoidin is also soluble in this menstruum, 
a great loss was experienced in this process, the quantity 
obtained being insufficient even for an elementary analysis. A 
second portion not quite free from fat, was recovered from the 
etherial solution. This was used for the detection of iron, by 
incinerating it on platinum foil. A gray speck remained, which 
on being dissolved in chlorhydric acid, gave a slight greenish 
tint on the addition of potassic ferrocyanid. On account of 
the small quantity of substance used, and also of its not being 
perfectly pure. Holm is unwilling to decide upon the presence 
of iron in haematoidin. 

After treatment with ether, the crystals have no longer the 
l)rilliant cantharides-green luster, their surfaces being etched 
by this solvent. They now resemble freshly prepared chromic 
acid. Moistened while in the field of the microscope, with 
nitric acid containing nitric peroxyd, a bright but transient 
blue color is developed. 

Hffimatoidin is very readily soluble in chloroform, giving » 
gold-yellow solution ; and in carbonic disulphid with a flame- 
red color, or orange if greatly diluted. Less soluble in absolute 
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ether, not at all in absolute alcohol and water, nor in ammonia, 
sodic hydrate, dilute mineral acids (non-oxydizing) or dilute 
acetic acid. 

From a close comparison of hsBmatoidin with bilirubin, Holm 
concludes : — That these bodies have not only different forms 
and colors, but also essentially different chemical properties. 
While bilirubin possesses the properties of a weak acid and 
combines with bases, haBmatoidin is quite an indifferent body. 
Bilirubin dissolves in carbonic disulphid with a gold-yellow, 
haamatoidin with a flame-red color (orange^ if greatly diluted). 
Bilirubin is insoluble in ether, hsematoidm is easily soluble. 
If a bilirubin solution in chloroform be shaken with ammonia, 
the bilirubin is completely removed from the chloroform, which 
becomes colorless, while the alkaline solution becomes yellow ; 
hiBmatoidin on the other hand is not removed from chloroform 
by alkaline solutions. Indeed these bodies may thus be perfectly 
separated. Bilirubin shows in solutions containing alcohol, 
even when only the smallest traces Are present, upon adding 
nitric acid containing nitric peroxyd, a magnificent play of 
colors, green, blue, violet, red and yellow, while a similar solu- 
tion of haBmatoidin is simply decolorized. 

2. On the coloring matter of the yolk of eggs. 

Stadbler* has made some experiments with the coloring 
matter of the yolk of the egg, in order to make a comparison 
between it and the bile pigment, to which it had been compared 
by Chevreul. 

If the fresh yolk be agitated with ether, the coloring matter 
and the fat are dissolved, and the solution leaves upon evapo- 
ration a yellow fatty mass, which gives a dirty bluish-green 
color when mixed with nitric acid containing nitric peroxyd, 
or with a few drops of concentrated sulphuric acid. If this 
egg-oil be heated with a five per cent solution of sodic hydrate 
to saponify the fat, an unpleasant odor like that of fish livers, 
is developed ; and upon agitating the saponified mass with 
ether, it is deprived of all its coloring matter. This behavior 
proves the absence of bile-pigment, since the compound of bili- 
rubin with sodium, is insoluble in ether. By evaporation, the 
etherial extract leaves a deep gold-yellow difficultly saponifiable 
fat, which by the crystallization of the cholesterin, solidifies to 
a butter-like mass. This fat, rich in pigment, possesses great 
similarity with the fat containing haematoidin, obtained from 
the ovaries. Nitric acid, when colored, develops a pure blue 
tint, which is transient. Ether and chloroform dissolve it to a 
gold-yellow solution ; this, mixed with alcohol 
colored nitric acid, is simply decolorized, affoi 

♦ J. pr, Ch., c, MS, March, ISei. 
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colors. With carbonic disulphid an orange-red solution is 
obtained. And finally, alkalies do not remove the pigment from 
its solution in chloroform. 

From these results, Stiideler concludes that the coloring 
matter of the yolk of the egg is either haamatoidin itself, or a 
body very similar to it in properties. 

3. On the chemical const it uents of the Sttpra-renal capsules. 

Holm has also published^ the results of a new examination 
of the supra-renal glands. These organs were collected firedi 
from the slaughter-house, and, when freed carefully from ad- 
hering fat, weighed 650 grams. They were rubbed to a fine 
pulp with glass-powder, mixed with twice their volume of strong 
alcohol, digested at a gentle heat, pressed out and filtered, the 
alcohol distilled ofi*, and the remaining fluid precipitated with 
neutral plumbic acetate. This lead precipitate was not fiurther 
examined. The color of the filtered fluid was brownish-yellow, 
and the edge of the filter in contact with the air acquired a 
violet tint. The fluid was now precipitated with basic plumbic 
acetate, and allowed to stand 12 hours. The precipitate was 
then collected, and the filtrate treated with cupric acetate and 
heated to boiling, by which a second precipitate was formed, 
mixed with a considerable quantity of red cuprous oxyd. This 
copper precipitate being separated by filtration, left a purple 
colored fluid. 

In order to extract completely the uric acid and the xanthin 
existing in the tissue, the pulpy mass left from the above treat- 
ment with alcohol, was digested with water at 50° C. ; and the 
liquid thus obtained was treated successively with neutral and 
with basic plumbic acetate, and with cupric acetate. The 
basic lead precipitate and the copper precipitate were united 
with the similar precipitates obtamed m the first process, and 
examined together. 

(1.) Basic lead precipitate, — This contained no uric acid 
but afforded a considerable quantity of inosite, which wa« 
easily recognized by its sweet taste, easy solubility, non-pre- 
cipitiibility by ammonic carbonate, cr}^stalline form, and beha?- 
ior with nitric acid, calcic chlorid, and ammonia. 

(2.) Copper precipitate, — This was free from xanthin, but 
contained considerable hyi)oxantbin, easily soluble in dUute 
chlorhydric acid, and yielding on evaporation a salt crystallizing 
in needles, which, when decolorized with animal charcoal, evap- 
orated to dryness with ammonia, and extracted with water, leit 
pale yellow hypoxanthin. This, when dissolved in dilute nitric 
acid and carefully evaporated, left a scarcely yellow spot, be- 

* J. pr. CYi., c, 1^4^, ^wwi\v^ 1867. 
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coining citron-yellow on stronger heating, and giving a splendid 
purple color on moistening with sodic hydrate. 

(3.) Filtrate, — ^As already mentioned, the filtrate had a dingy 
purple tint. It was treated with sulphydric acid, the deposited 
sulphids were removed and it was then evaporated on the water- 
batn. During this process, the pigment separated as a violet 
pellicle. The fluid filtered from this, afforded by farther treat- 
ment, taurin; and beside this, a few small rounded masses were 
detected by microscopic examination, which may have been 
leucin, since Neukomm states that these glands, observed during 
Bright's disease afforded him this substance. On the other 
hand, however, Seligsobn affirms that the supra-renal capsules 
contain no leucin, while Virchow asserts that they contain it 
in large amount. 

The violet pigment which separated during the evaporation 
of the filtrate, was found to be insoluble in alcohol, ether, 
chloroform, carbonic disulphid, and benzol. Alkalies took up 
only a trace of it, perhaps only an impurity, the filtrate being 
yellow, and the undissolved pigment remaining unchanged in 
color. Water was found to dissolve it readily when acidulated 
with any mineral acid; it was also dissolved by moderately di- 
lute acetic acid, on boiling. These acid solutions were yellow; 
and from them the entire coloring matter separated again in 
violet flocks or the addition of ammonia. This pigment ap- 
pears therefore, to be a weak base. Unfortunately, the quanti- 
ty obtained was too small to allow of a more thorough exam- 
ination; a fact which Holm regrets, inasmuch as this coloring 
matter, as he suggests, appears to be the pigment which pro- 
duces the peculiar bronzing of the skin, which is characteristic 
of Addison's disease. 

Arnold has stated that the coloring matter of the supra-renal 
capsules is precipitable by plumbic acetate. Holm maintains 
that there is but one chromogen in these glands, which is not 
precipitable by the lead salt, and which passes into the pigment 
by oxydation. He supports this view by the fact that the yel- 
low alcoholic extract, which becomes red in contact with light 
and air, affords, after precipitation with plumbic acetate, in con- 
sequence of the farther absorption of oxygen, a violet color, 
even in the presence of free acids. The complete conversion, 
however, of the chromogen into pigment takes place only when 
the solution is boiled with cupric acetate; the cupric oxyd giv- 
ing up a part of its oxygen and becoming cuprous oxyd. 

4. On the rational formula of Urea. 

Heintz concludes an exceedingly interesting 
compounds of trioxethylenamic (triglycolamio) 

♦ Ann. Ch. Phann., cxl, 264, B^^i., \W%. 
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paring the constitution of its amids with that of nrea. Having 
shown that the formula of ethylic trioxethylenamate* (trigly- 
colamic ether) is ^(€2H20)OEt)'3N, it follows that trioxetnyl- 
enammonamid (tnglycolammonamid) prepared from it by the 
action of ammonia, is simply ((€2H2^)HiN)'3N; being am- 
monia in which the three atoms of hydrogen are replaced by 
oxethylenammoniimi, ((€2H20)H2N)', a monad radical. Thi 
amid is a monacid base; though it contains four nitrogen atoms 
which are not directly imited to oxygen, but are saturated only 
by bonds of hydrogen or other radicals; from which we might 
expect it to be tetracid. 

It is a well known fact, however, that when the hydiwen in 
ammonia or ammonia-like bodies, is replaced by negative or 
oxygenated radicals, the resulting compounds are either not at 
all basic, or are only feebly so; indeed, this fact characterises 
ihe class of substances termed amids. Trioxethylenamic (tri- 
^4ycolamic) acid for example, can unite together no more add 
molecules when converted into an amid than it could before. 
But, while the compounds formed by the acid itself with other 
acids, are very feeble, none of them existing in the solid form; 
when the hydryl atoms of the acid are replaced by amidoffen 
atoms, thus forming the amid, the basic power is raised in in- 
tensity and the new compound yields well crystallized sub- 
stances with acids. While therefore, no more acid molecules 
can be held after the introduction of nitrogen atoms than be- 
fore, yet the same number are now held more firmly. 

There is a large class of bodies which contain more nitrogra 
atoms than is equal to the number of monobasic acid molecules 
with which the substance can unite. These bodies are called 
ureas; and, though they contain two nitrogen atoms in the 
molecule, they are all monacid. They all contain, too, an oxy- 
genated radical. The composition of these bodies may be 
easily brought into comparison with that of trioxethylenamxno- 
namid (tri^lycolammonamid) ; and in the similarity there ob- 
served, Hemtz finds the true explanation of the constitution 
of the ureas. 

* (£>2^^ being the positive bivalent radical ethylene, the negative raided 
corresponding to it is (^JjHj©)", oxethylone (formerly glycolyl) ; whenoeos- 

cthylenic (glycollio) add is (O^Ha^) \ OH' o^®^^y^®'^*'^^®fe^7«>^«^<^)«o^* 
{£2^2^) \ NTT * ^^ tri-oxethylenamio (tri-glycolamic) acid ia 

( ((€2ir2e)eH)' 



^U«e)H,N)' 
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In the first place, then, the formula should indicate the mon- 
acid character of urea; hence, it may be written N < r^^ y 

a formula recommended by its simplicity; or 

f H 

In both cases, ammonium radicals replace the hydrogen of am- 
monia. Which of these formulas is the more correct? 

The ureas are distinguished: 1st, by their composition; being 
ammonia, in which carbonyl (€/0) a bivalent negative radical, 
has replaced hydrogen; and 2nd, by their monacid character. 
Under this definition are included the compound ureas also, 
formed from ordinary urea precisely as ethylamine, etc., are 
formed from ammonia. Heintz proposes to extend this defini- 
tion, and to call any ammonia-like body which contains a biva- 
lent acid radical and which is monacid, a urea. Such a com- 
pound for example, containing not carbonyl, it is true, but the 
bivalent acid radical oxethylene (^a^^a^)? would be formed by 
treating ethylic oxethylenamate (glycolainate), with ammonia. 

It would be monacid, and, if urea be written N < (^-q^ \, would 

Nfe ^' • It stands in the same relation to triox- 

ethylenanmionamid which oxethylenamic acid (glycolamic acid 
or glycocoU) does to trioxethylenamic (triglycolamic) acid. But 
it has already been proved above, that in this tertiary amid, 
the negative radical replaces hydrogen which is contained with- 
in the ammonium group; and hence that its formula is 
;€,Hae)H3N)' 




N < ((^aH, 0)H5N)'. Of course then, the formula of the prim- 

^ XH2e)H2Ny 



((€,H,e)H,N)' 



ary amid is N< H and its name is oxethylen- 

anmionamid. Since therefore, urea is analogous to this pri-' 

mary amid, both in composition and formation, (being produced 

by the action of ammonia upon urethane (ethylic carbamate)), 

C ((€e)H,N)' 

it follows that the formula of urea is N< H • and 

/H 

that this body is carbammonamid, the amid of carbamic acid, 
precisely as oxethylenammonamid is the amid of oxethylenamic 
acid (glycocoU). 

* This substance has not been actually prepared ; though Heintz promises ex- 
perimental proof of the accuracy of the above reaction. 
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a drop of dilate chlorhydric acid and afterwards dried^ it as- 
Bomes the red color, characteristic of boric acid, and thus shows 
that at least a trace of this acid is driven off with the water. 
In the forceps the mineral fnses in the flame of a candle (F.=2) 
and B.B. in 0. F. yields a black crystalline mass and colors 
the flame intensely yellowish-green. With borax and salt of 
phosphoros gives a deep amethystine bead in 0. F., which in 
a. r.y becomes colorless and transparent. With soda yields a 
green manganate. 

It is readily dissolved in chlorhydric acid, and most specimens 
thus treated give off a minute quantity of chlorine, showing 
traces of a slight alteration of the protoxyd of manganese into 
a higher oxyd. On evaporation to dryness and resolution in 
add, minute imponderable traces of silica were found. Qual- 
itative analysis proved the presence of boric acid, manganese, 
magnesia, and water, with questionable traces of zinc and soda. 
A firagment of the mineral moistened with sulphuric acid and 
held in the flame of an ordinary Bunsen burner gave, when ob- 
eerved through the spectroscope, the characteristic spectrum of 
. boric acid. 

3 The exceedinglv simple composition of the mineral rendered 
^ the quantitative determination of the bases comparatively easy. 
The mineral being dissolved in chlorhydric acid, the excess of 
; acid was driven off and the manganese was thrown down by 
u hromine in the presence of an excess of acetate of soda as 
; hydrated sesquioxyd; this was re-dissolved and precipitated 
: as ammonio-phosphate and weighed as pyro-phosphate.* The 
f magnesia was separated from the filtrate from the oxyd of man- 
■ ganese, (after it was first ascertained that this solution was en- 
' tirely fir^ from manganese) as ammonio-phosphate and estima- 
•. ted as pyro-phosphate. The water was determined by igniting 
• the powdered mineral in a glass tube closed at one end, about 10 
■ . inches in length with a calibre of i of an inch. The length of the 
tube effected a complete condensation of the water, which was 
; . deposited on the interior five or six inches from the open end, 
'^ and the tube and contents on being weighed proved to have 
:^ imffered a loss of less than one milligram by the ignition. 
^; The water was then dried out at the ordinary temperature in 
' i TBCUo over chlorid of calcium. To make entirely sure that no 
^ . boric acid went off with the water, I ignited a portion of the 
K mineral which had previously been thoroughly mixed with about 
five times its weight of calcined magnesia and then covered 
y with a layer of pure magnesia. The results of this experiment 

^ For details of this admirable method for the estimation of manganese see 
*■ T. a Henry, Phil. Mag., IV, xvi, 197 ; and W. Gibbs, this Journal, H, xliv, 216. 
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confirmed the water determination made by the above method. 
The boric acid was determined by Stromeyer's method as bofo- 
fluorid of potassium. The results of the analyses are:— 



1. 8. S. 4. 9. C ] 

Boric acid, 31*89 3189 MM 

ManganouBOiyd,..- 4008 4020 4001 40*10 S-M 

Magnesia, 1712 16-76 1721 IIOZ 6*81 

Water, .... 9*64 9*53 ... 9*69 813 



98*61 

The analysis shows a loss of 1*39 pr. ct. doubtless due chiefly 
to the imperfections of the method employed for determining 
the boric acid. Calculating the loss as boric acid, the totu 
amount of the acid is 33*28 pr. ct. and the oxygen ratio for S, 
& and fi is 2282 : 15-85 : 8*53 or 3 : 208 : 112. The ratio 
3:2:1, although not according precisely with the analyses, is 
nevertheless probably the true ratio. It requires a change of 
but a few tenths of a per cent of water to maKe this ratio. In 
fact, in what appeared to be a fresher and less altered specimen 
than that above analyzed, I obtained but 8'93 pr. ct. of water, 
which would change the amount of boric acid calculated as losB 
to 33*94 pr. ct. Correcting the oxygen to correspond to these, 
we have for B, ft, fl:, 23-27 : 1585 : 7'94, or aknost exactly 
3 : 2 : 1, or considering the water basic, a ratio of 1 : 1, thus 
bringing out a most interesting relation between this species 
and native boric acid which has the formula £[*B. Sussezite 
may be regarded an analogous compound in which | of the 
water is replaced by manganese and magnesia, and we may 
write for its formula (t (Hn, ]Sig)4-ifl)»B, or if the water be not 
considered basic it may be represented by (fin, fig)»B+fi. The 
former I believe to be the correct view of the composition of 
the mineral 

In some of its physical and chemical characters sussexite re- 
sembles the mineral Szaibel^ite from southern Hungary. This 
mineral is found imbedded m limestone in needle-liKe crystalB, 
has a hardness of over 3, a density of 3, and is a hydrous borate 
of magnesia. One variety analyzed by Stromeyer gave the oxy- 
gen ratio of B, Sg, tt, 17 : 141 : 4, or of acid to bases including 
water of 17 : 18*1, or nearly 1 : 1, requiring but a slight change 
in the determination of water to make this also a mineral aniu- 
ogous in composition to boric acid, with which indeed it is al- 
ready classified by Prof. Dana in the recent edition of his Min- 
eralogy.* Another member of the group is Hydroboracite, a 
hydrous borate of magnesia and lime with the oxygen ratio of 
B, ii, fl, 4: 3 : 1 or tt(Ca, %)+f]l)3B. Susscxite is at present a 
rare mineral, but as it occurs in a vein which is extensively 

* Dana's Mineralogy, 6th ed., p. 693. 
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mined, there is every reason to hope that it may become more 
abundant. Its pyrognostic properties are so very characteristic 
that it may readily be distinguished from any other mineral 
which it resembles in physical characters. In addition to 
fibrous wUlemite, I have also found chrysotile in fine fibers im- 
bedded in the calcite of Mine Hill ; it, however, requires but 
little familiarity with sussexite to distinguish it at a glance 
irom these species. 

New Hayen, July ISth, 1868. 



Abt. XXIV. — On an easy and very effective mode q/ showing 
the vibrations in Chladni plates^ dtc.y to a large class, by the 
use of a calcium or electric lantern; by Jesse S. Cheyney, 
A.M. 

The lantern is constructed as usual, except that the conden- 
sen project some distance in front of the box, which must not 
be too broad; and the object-glasses are elevated upon a brass 
stand on the end of a sliding bar two and a half inches wide, 
which slides smoothly and l^htly in a groove cut for it under 
the bottom of the lantern, and can be clamped in any nosition 
required. In my earlier experiments, I used a somewhat dif- 
ferent arrangement of the object glasses, but the plan above, 
which is a modification of one devised by Prof. Albert B. Leeds, 
of this city, works most satisfactorily. 

The lantern thus constructed, is mounted like the telescope 
of a theodolite, on an axis turning in a pair of vertical posts, 
which rise out of a circular disc of wood 22 inches in diameter. 
This disc is fastened loosely at its center, by a bolt with a screw, 
to the top of the operating table, and thus can be turned com- 
pletely round in a horizontal plane, and clamped by the screw 
where required. 

On one end of the axis of the lantern, and outside of the 
upright post is a circle of brass 8 inches in diameter, by which 
the lantern can be clamped at any angle of elevation or depression 
by screws set in a pair of brass clamps on the post. 

A " square prism," (made either solid of glass or hollow of 
brass with glass sides and filled with bisulphid of carbon) is 
mounted so that it can be slipped into the front of the object- 
glass-mounting and turned upon an axis as usual. 

(1.) To show the vibrations in Chladni plates, a narrow clamp, 
carrying suitable glass plates, is screwed to the upper part of the 
front of the lantern, so that the center of the plate is directly 
before the center of the condensers. The lantern is now turned 
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on its axis until the front is horizontal and the '' square prism" 
slipped into the front of the objective, so that the light is re- 
flected upon the screen. The plate is then focussed, sprinkled 
with sandy and touched as usual with the bow. 

The sudden appearance of the nodal lines is very beautiful 
Any figures whicn can be formed on glass plates can thus he 
shown with great ease to the largest audience. 

The retarding influence of a solution of gum on the sand 
can be shown in action, and the curves studied in detail. 

(2.) ^' The Magnetic Phantom " can also be most success- 
fdlly shown in the same way, employing a plate coated with al- 
bumen to prevent the filings sliding too much in a body. Nu- 
merous other similar experiments, which will occur to every op- 
erator, can be readily and beautifiill^ performed. 

(3.) The waves produced by strikmg the surface of mercury 
in a suitable dish, the colors of thin plates obtained from the 
action of oils upon water, &c., can be readily shown by depress- 
ing the front of the lantern, without the object-glasses, and 
receiving the light reflected from the dish of fluid upon a 
proper focussing glass and thus upon the screen. 
^ (4.) In spectrum analysis, the arrangement gives great fa- 
cility, especially by mounting the prism-box described by J. P. 
Cooke, Jr.,* so r.s to slide into the front of the object tube. 
To keep the edge of the prisms parallel to the slit, a notch is 
cut in the front of the object tube and a corresponding projec- 
tion screwed into the sliding end of the prism-box. 

(5.) The arrangement proposed has the advanta^ of sim- 
plicity, and gives the greatest facility in the use of uxe lantern 
for ordinary purposes as well as in the class of experiments 
described. 

Of course the condensers should not be subjected to the verti- 
cal current of hot air from the lime or electric light until they 
have been thoroughly warmed. With this precaution there is 
no danger. 

I would remark, in conclusion, that this mode of mountiDg 
the lantern was devised in the spring, and effected, in all its 
essential features, in the autumn of 1867; and has been used 
with great satisfaction in results ever since, 

Frankford, Philad., Pa., June 26, 1868. 

* This Journal, II, xl, 243, Sept 1866. 
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Abt. XXV. — On new apectmena of Eozoon Canadense, with a 
reply to the obfectiona of Professors King and Rowney; by 
J. W. Dawson, LL.D., and notes by W. B. Carpenter, M.D. 
Illustrated by two plates. 

[This paper, published in the Quarterly Journal of the Geological 
Society for August, 1867, is preceded by an article by Sir Wm. E, 
Logan, from which the following extracts are made by way of 
introduction. — Eds. 

The most important of these specimens was met with last sum- 
mer by Mr. G. H, Vennor, one of the assistants on the Canadian 
Greoloffical Survey, in the township of Tudor and county of Hast- 
ings, Ontario, about forty-five miles inland from the north shore of 
L&e Ontario, west of Kingston. It occurred on the surfaxse of a 
layer, three inches thick, of dark gray micaceous limestone or 
caio-schist, near the middle of a great zone of similar rock, which 
is interstratified with beds of yellowish-brown quartzite,gray close 
grained siliceous limestone, white coarsely granular limestone, and 
Bands of dark bluish compact limestone and black pyritiferous 
slates, to the whole of which Mr. Vennor gives a thickness of 1,000 
feet. Beneath this zone are gray and pink dolomites, bluish and 
grayish mica^lates, with conglomerates, diorites, and beds of mag- 
netite, a red orthoclase gneiss lying at the base. The whole series, 
according to Mr. Vennor's section, which is appended, has a thick- 
ness of more than 21,000 feet ; but the possible occurrence of more 
numerous folds than have hitherto been detected, may hereafter 
render necessary a considerable reduction. 

These measures appear to be arranged in the form of a trough, 
to the eastward of which, and probably beneath them, there are 
rocks resembling those of Grenville, from which the former diflfer 
considerably inlithological character ; it is therefore supposed that 
the Hastings series may be somewhat higher in horizon than that 
of Grenville: From the village of Madoc, the zone of gray mica- 
ceous limestone, which has been particularly alluded to, runs to 
the eastward on one side ot the trough, in a nearly vertical position 
into Elzivir, and on the other side to the northward, through the 
township of Madoc into that of Tudor, partially and unconform- 
ably overlaid in several places by horizontal beds of Lower Silu- 
rian limestone, but gradually spreading, from a diminution of the 
dip, from a breadth of half a mile to one of four miles. Where it 
thus spreads out in Tudor it becomes suddenly interrupted for a 
considerable part of its breadth by an isolated mass of anorthositc 
rock rising about 150 feet above the general plain, and supposed 
to belong to the unconformable Upper Laurentian, thus showing 
that the specimens of Eozoon or this neighborhood, like those 
previously discovered and described, belong to the Lower Lauren- 
tian series. 
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The Tudor limestone is comparatively unaltered ; and, in the 
specimen obtained from it, the general form or skeleton of the 
fossil (consisting of white carbonate of lime) is imbedded in the 
limestone, witliout the presence of serpentine or other silicate, the 
color of the skeleton contrasting strongly with that of the rocL 
It does not sink deep into the rock, the form havinff probably been 
loose and much abraded on what is now the under part, before 
being entombed. * * ♦ 

In Dr. Dawson's paper mention is made of specimens from 
Wentworth, and othera from Long Lake. In both of these local- 
ities the rock yielding them belongs to the Grenville band, which 
is the uppermost of the three great bands of limestone hitherto 
described as interstratified in the Lower Laurentian series. That 
at Long Lake, situated about twenty-five miles north of G6te St 
Pierre m the Petite Nation Seigniory, where the best of the previous 
specimens were obtained, is in the direct run of the limestone there; 
and like it the Long Lake rock is of a serpentinous character. The 
locality in Wentworth occurs on Lake Louisa, about sixteen miles 
north of oast from that of the first Grenville specimens, from which 
Cute St. Pierre is about the same distance north of west, the lines 
measuring these distances running across several important nnda- 
lations in the Gren\411e band in both directions. The Wentworth 
specimens are imbedded in a portion of the Grenville band, which 
appears to have escaped any great alteration, and is free fix>m set- 
pentine, though a mixture of serpentine vrith white crystalline 
limestone occurs in the band within a mile of the spot From this 
gray limestone, which has somewhat the aspect of a conglomerate, 
specimens have been obtained resembling some of the figures given 
by Giimbel in his illustrations of the forms met with by him in the 
Laurentian rocks of Bavaria. * * * 

It was the general form on weathered surfaces, and its strong 
resemblance to 8tromat02)orn^ which first attracted my attention 
to Eozoon; and the persistence of it in two distinct muierals, py- 
roxene and loganite, emboldened me, in 1857, to place before the 
Meeting of the American Association for the Advancement of 
Science specimens of it as probably a Laurentian fossil. * * 

The following is from an ascending section of the Laurentian 
rocks in the county of Hastings, Ontario, by Mr. H. G. Vennor. 

1. Reddish and flesh-colored granitic gneiss 2,000 

2. Grayish and flesh-colored gneiss, sometimes hornblendic; mean of several 
pretty closely agreeing measurements 10,400 

3. Crystalline limestone, sometimes magnesian, includes in Elzivir a one 
foot bed of graphite ; sometimes very thin, but in other places attains a 
thicknops of 750 feet; estimated as averaging . 400 

4. Hornblendic and dioritic rocks, massive or schistose, occa8lonall7 asso- 
ciated near the base with dark micaceous schists, chloriiic and epidotic 
rocks, including beds of magnetite ; average ^ 4,200 

6. Crystalline and somewhat granular magnesian limestone, occasionally 
interstratilied with diorites, and near the base with siliceous slates and 

small beds of impure steatite 830 

This limestone is metalliferous, holding disseminated copper pyrites, 
blendCf mispickel, and iron pyTitQa, tho latter also sometimes la beds of 
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two or three feet. Gold occurs in it at the village of Madoc, associated 
with argentiferous tetrahedrite and in irregular veins with bitter-spar, 
quartz, and carbonaceous matter. 

6. Gray siliceous or fine>grained mica-slates, with an interstratified mass of 
about sixty feet of yellowish-white dolomite 400 

7. Bluish and grayish micaceous slate, interstraUfied with layers of gneiss, 

and occasionally holding ciystals of magnetite 500 

8. Gneissoid micaceous quartzites, banded gray and white, with a few 
instratifled beds of siliceous limestone 1,900 

9. Gray micaceous limestone, sometimes plumbaginous, interstratified below 
with occasional layers of dioritc, and Uiyers of a rusty- weathering gneiss 1,000 
This division in Tudor is traversed by numerous N.W. and S.E. veins, 

holding galena in a gangue of calcite and barite. The Eozoon from Tador, 
here described, was obtained from about the middle of this calcareous di- 
vision, which appears to form the summit of the Hastings series. 

Total thickness 21,180] 

L SPECIMEN OF EOZOON FBOM TUDOB, ONTABIO. 

This very interesting specimen, submitted to me for exam- 
ination by Sir W. E. Logan, is, in my opinion, of great im- 
portance, as furnishing a conclusive answer to all those objec- 
tions to the organic nature of Eozoon which have been founded 
on comparisons of its structures with the forms of fibrous, 
dendritic, or concretionary minerals,— objections which, how- 
ever plausible in the case of highly crystalline rocks, in which 
organic remains may be simulated by merely mineral appear- 
ances readily confounded with them, are wholly inapplicable 
to the present specimen. 

1. General appearance, — The fossil is of a clavate form, six 
and a htdf inches in length, and about four inches broad. It 
is contained in a slab of dark-colored, coarse, laminated lime- 
stone, holding sand, scales of mica, and minute grains and 
fibers of carbonaceous matter. The surface of the slab shows 
8 weathered section of the fossil (PI. II); and the thickness 
remaining in the matrix is scarcely two lines, at least in the 
part exposed. The septa, or plates of the fossil, are in the 
state of^ white carbonate of lime, which shows their form and 
arrangement very distinctly, in contrast to the dark stone fill- 
ing the chambers. The specimen lies flat in the plane of 
stratification, and has probably suffered some compression. 
Its septa are convex toward the broad end, and somewhat 
undulating. In some places they are continuous half way 
across the specimen ; in other places they divide and re-unite 
at short distances. A few transverse plates, or connecting 
columns, are visible ; and there are also a number of small 
veins or cracks passing nearly at right angles to the septa, and 
filled with carbonate of lime, similar in general appearance to 
the septa themselves. 
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On one side, the outline of the fossil is well preserved. The 
narrow end, which I regard as the basal portion, is rounded. 
The outline of the side first bends inward, and then outward, 
forming a graceful double curve, which extends along the 
greater part of the length. Above tliis is an abrupt projection, 
and then a sudden narrowing ; and in the middle of the mu^ 
row portion, a part has the chambers obliterated by a white 
patch of carbonate of lime, below which some of the septa 
arc bent downward in the middle. This is probably an effect 
of mechanical injuiy, or of the interference of a calc-spar vein. 

With the exception of the upper part above referrea to, the 
septa are seen to curve downward rapidly toward the mat]^ 
and to coalesce into a lateral wall, which forms the de&ed 
edge or limit of the fossil, and in which there are some indi- 
cations of lateral orifices opening into the chambers. Its 
worthy of remark that, in this respect, the present specixnn 
corresponds exactly with that which was originally figured hf 
Sir W. E. Logan in the ' Greology of Canada,' p. 49, and whick 
is the only other specimen that has exhibited the lateral limit 
of the form. 

On the side next the matrix, the septa terminate in UraA 
edges, and do not coalesce; as if the organism had been attached 
by that surface, or had been broken before being imbedded. 

2. Microscopic characters, — Under the microscope, with ij 
low power, the margins of the septa appear uneven, as if ero*] 
ded or tending to an acervuline mode of growth ; but occi-f 
sionally the septa show a distinct and regular marc^. tamtn 
the most part merely traces of structure are presented, conntf'ffi^ 
ing of small parts of canals, filled with the dark coloriq ^ 
matter of the limestone. In a few places (PI. Ill, fig. 1 
liowever, these appear as distinct bundles, similar to those ' 
the Grenville specimens, but of fine texture. 

[In fig. 2 is represented a portion of the canal-system d 
Grenville specimen, in which the canals, wliich are transj 
in one side (being infiltrated Avith carbonate of lime only)i 
seen on the other to be partially filled with black matter, 
ably a carbonaceous residuum of the sarcode which 
originally contained. — w. b. c] 

In a few rare instances only can I detect, with a higher 
in the margin of some of the septa, traces of the fine tul 
tion characteristic of the proper chamber-wall of 
For the most part this seems to have been obliterated by 
infiltration of the tubuli with colorless carbonate of 
similar to that of the skeleton. 

In comparing the structure of this specimen with tlfl^l 
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liose fonnd elsewhere, it would appear that the chambers are 
lore continuoiis, and wider in proportion to the thickness of 
he septa, and that the canal-system is more delicate and in- 
istinct than usual. In the two former respects the specimens 
rem the Calumet and from Burgess approach that now under 
onsideration more nearly than do those from Grenville and 
^etite Nation ; but it would be easy, even in the latter, to 
nd occasional instances of a proportion of parts similar to 
hat in the present example. General form is of little value as 

character in such organisms; and so far as can be ascertained, 
bis may have been the same in the present specimen and in 
hat originally obtained from the Calumet, while in the speci- 
dens from Grenville a massive and aggregative mode of growth 
Bems to have obliterated all distinctness of individual shape, 
i^ithout additional specimens, and in the case of creatures so 
ariable as the Foraminifera, it would be rash to decide 
rhether the differences above noticed are of specific value, or 
epend on age, variability, or state of preservation. For this 
esBon I refer the specimen for the present to Eozoon Cana-- 
lenscy merely distinguishing it as the Tudor variety. 

From the state of preservation of the fossil, there are no crys- 
alline sttnctures present which can mislead any ordinarily 
kilful microscopist, except the minute veins of calcareous 
par traversing the septa, and the cleavage-planes which have 
leen developed in some portions of the latter. 

I would remark that, as it seemed desirable not to injure 
Dj more than was absolutely necessary a unique and very 
unable specimen, my observations of the microscopic struc- 
ire have oeen made on a few slices of small size, — ^and that, 
■ the microscopic structures are nearly the same in kind with 
lose of specimens figured in former papers, I have not 
sought it necessary to prepare numerous drawings of them ; 
Qiile the admirable photograph executed for Sir W. E. Logan 
y Mr. Notman illustrates sufficiently the general form and 
rrangement of parts (see PI. II). 

8. Concluding remarks, — In a letter to Dr. Carpenter, 
kaoted by him in the ^ Quarterly Journal of the Geological 
bciety ' for August, 1866, p. 228, I referred to the occurrence 
? Eozoon preserved simply in carbonate of lime. The speci- 
i^ens which enable me to make that statement were obtained 
• Madoc, near Tudor, this region being one in which the Lau- 
ntian rocks of Canada appear to be less highly metamor- 
>08ed than is usual. The specimens from Madoc, however, 
&i^ mere fragments, imbedded in the limestone, and incapa- 

. Jour. Scl— Secoud Series, Vol. XL VI, No. 137.— Sept., 1868. 
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ble of showing the general form. I ma^ erplaia, in. reference 
to this, that long practice in the examination of these lime- 
stones has enabled me to detect the smallest fiagments of 
Eozoon when present, and that in this way I had ascertained 
the existence of this fossil in one of the limestones of Madoc 
before the discovery of the fine specimen now under conside- 
ration. 

I am disposed to regard the present specimen as a young in- 
dividual, broken from its attachment and imbedded in a sandy 
calcareous mud. Its discovery affords the hope that the com- 
paratively unaltered sediments in which it has been preserved, 
and which also contain the worm-burrows described Dy me in 
the ' Quarterly Journal of the Geological Society ' for Novem- 
ber,^ will hereafter still more largely illustrate, the Laurentian 
fauna. 

II. SPECIMEXS FROM LONG LAKE AND WKXTWOBJTH. 

Specimens from Lon^ Lake, in the collection of the (Geo- 
logical Survey of Canada, exhibit white crystalline limestone 
with light green compact or septaniformf serpentine, and 
much resemble some oi the serpentine-limestones of GrenviUe. 
Under the microscope the calcareous matter presents a deli- 
cato areolated appearance, without lamination ; but it is not 
an example of acervuline Eozoon but rather of fragments of 
such a structure, confusedly aggre^ted together, and having 
the interstices and cell-cavities filled with serpentine. I have 
not found in any of these fragments a canal-system similar 
to that of Eozoon Canadense, though there are casts of large 
stolons, and, under a high power, the calcareous matter 
shows in many places the peculiar granular or cellular ap- 
pearance which is one of the characters of the supplemental 
skeleton of that species. In a few places a tubulated cell-wall 
is preserved, with structure similar to that of Eozoon Canor 
dense. 

Specimens of Laurentian limestone fi-om Wentworth, in the 
collection of the Geological Survey, exhibit many rounded 
siliceous bodies, some of which are apparently grains of sand, 
or small pebbles ; but others, especially when fi-eed from the 
calcareous matter by a dilute acid, appear as rounded bodies, 
with rough surfaces, either separate or aggregated in lines or 
groups, and having minute vermicular processes projecting 
from their surfaces (PI. Ill, fig. 3). At first sight these sug- 
gest the idea of spicules ; but I think it on the whole more 

* Vol. xxii, p. 608. 

f I use the term * septariiform ' to denote the curdled appearance so often pre- 
sented by the Laurentian serpentine. 
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likely that they are casts of cavities and tubes belonging to 
some calcareous Foraminiferal organism which has disappeared. 
Similar bodies, found in the limestone of Bavaria, have 
been described by Gtimbel, who interprets them in the same 
way.* They may also be compared with the siliceous bodies 
mentioned in a former paper as occurring in the loganite fill- 
ing the chambers of specimens of Eozoon from Burgess. 

IIL SPBCIMENS FBOM MADOC. 

I have already referred to fragments of Eozoon occurring in 
the limestone at Madoc, one of which, found several years ago, 
I did not then venture to describe as a fossil. It projected 
from the surface of the limestone, being composed of a yel- 
lowish dolomite, and looking like a fragment of a thick shell. 
When sliced, it presents interiorly a crystalline dolomite, lim- 
ited and sep€irated from the enclosing rock by a thin wall hav- 
ing a granular or porous structure, and excavated into rounded 
recesses in the manner of Eozoon. It lies obliquely to the bed- 
ding, and evidently represents a hollowed flattened calcareous 
wall filled by infiltration. The limestone which afforded this 
form was near the beds holding the worm-burrows described in 
the Society's Journal for Nov. 1866. 

[A thin section of this body, carefuUy examined microscop- 
ically, presents numerous and very characteristic examples of 
the canal-system of Eozoon, exhibiting both the large widely 
branching systems of canals and the smaller and more penicil- 
late tufts (PI. Ill, figs. 4, 5) shown in the most perfect of the 
serpentinous specimens — ^but with this difference, that the 
canals, being filled with a material either identical with or very 
similar to that of the substance in which they are excavated, 
are so transparent as only to be brought into view by careful 
management of the light. — w. b. c] 

IV. OBJECTIONS TO THE OBGAXIC XATUBE OF EOZOOX. 

The discovery of the specimen fi-om Tudor, above described, 
may appear to render unnecessary any reference to the elabo- 
rate attempt made by Profs. Kin^ and Kowney to explain the 
structures of Eozoon by a comparison with the forms of fibrous 
and dendritic ininerals,f more especially as Dr. Carpenter has 
already shown their inaccuracy in many important points. I 
think, however, that it may serve a useful purpose shortly to 
point out the more essential respects in which this comparison 
fails with regard to the Canadian specimens — with the view of 
relieving the discussion from matters irrelevant to it, and of 

♦ Proceedings of Rojal Academy of Munich, 1866; Q. J. G. S., vol. xxii, pt. 
i. p. 185 et seq. ; also Can. Naturalist, vol. iii. p. 81. 
f Quart. Journ. Geol. See, vol zxii, pt. ii, p. 23. 
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fixing more exactly the limits of crystalline and organic fonns 
in the serpentine-limestones and similar rocks. 

The fundamental error of Messrs. King and Bowney arifles 
from defective observation — ^in failing to distinguish, in the 
Canadian limestones themselves, between organic and crystal- 
line forms. This is naturally followed by the identification of 
all these forms, whether mineral or organic, with a yariety of 
purely crystalline arrangements occumng in other rocks, lead- 
ing to their attaching the term ^ Eozoonal ' to any rock which 
shows any of the characters, whether mineral or organic, thus 
arbitrarily attached to the Canadian Eozoon. This is obvi- 
ously a process by which the structure of any fossil might be 
proved to be a mere Ittstis naturce, 

A notable illustration of this is afforded by their r^arding 
the veins of fibrous serpentine, or chrysotile, which occur in 
the Canadian specimens, as identical with the tubulated cell- 
wall of Eozoon, — although they admit that these veins traverse 
all the structures indifferently, and do not conform to the 
walls of the chambers. But any microscopist who possesses 
specimens of Eozoon containing these chrysotile veins may 
readily satisfy himself that, under a high power, they resolve 
themselves into prismatic crystals in immediate contact mik 
each other; whereas, under a similar power, the true cell-wall 
is seen to consist of slender ^ undulating^ rounded threads </ 
serpentiney penetrating a matrix of carbonate of lime. Under 
polarized light, more especially, the difference is conspicuously 
apparent. It is true that, in many specimens and parts of 
specimens, the cell- wall of Eozoon is badly preserved and &ils 
to show its structure ; but in no instance does it present the 
appearance of chrysotile, or of any other fibrous mineral, when 
examined with care under sufficiently high powers. In my 
original examination of Sir William Logan's specimens from 
Grenville and the Calumet, I did not detect the finely tubu- 
lated cell-wall which is very imperfectly preserved in those 
specimens ; but the veins of fibrous serpentine were well known 
to me ; and when Dr. Carpenter discovered the tubulation of 
the cell-wall in the specimens from Petite Nation, I compared 
this structure with that of these veins, and satisfied myself of 
its distinctness before acceding to his conclusions on this 
point. 

It would also appear that the radiating and sheaf-like bun- 
dles of crystals of tremolite, or similar prismatic minerals, 
which occur in the Canadian serpentines, and also abound in 
those of Connemara, have been confounded with the tubula- 
tion of Eozoon ; but these crystals have no definite relation to 
the forms of that fossil, and often occur where these are en- 
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tirely abeent ; and in any case they are distingnislied by their 
straight prismatic shape and their angular divergence from 
each other. Much use has also been made of the amorphous 
masses of opaque serpentinous matter which appear in some 
parts of the structure of Eozoon. These I regard as, in most 
caseB, simply results of alteration or defective preservation, 
though they might also arise from the presence of foreign mat- 
ters in the chambers, or from an incrustation of mineral mat- 
ter before the final filling up of the cells. Generally their 
forms are purely inorganic ; but in some cases they retain in- 
dications of the structures of Eozoon, 

With reference to the canal-system of Eozoon^ no value can 
be attached to loose comparisons of a structure so definite with 
the forms of dendritic silver and the filaments of moss-agates; 
still less can any resemblance be established between the canal- 
system and vermicular crystals of mica. These occur abun- 
dantly in some serpentines from the Calumet, and might read- 
ily be mistaken for organic forms ; but their rhombic or hex- 
agonal outline when seen in cross section, their transverse cleav- 
age planes, and their want of any definite arrangement or re- 
lation to any general organic form, are sufficient to undeceive 
any practised observer. I have not seen specimens of the me- 
taxite from Beichenstein referred to by Messrs. King and Bow- 
ney; but it is evident, from the description and figure given of 
it, that, whether organic or otherwise, it is not similar to the 
canals of Eozoon Oanadense, But all these and similar com- 
parisons are evidently worthless when it is considered that 
they have to account for definite, ramifying, cylindrical forms, 
penetrating a skeleton or matrix of limestone, which ha^ itself 
a definite arrangement and structure, and, further, when we 
find that these forms are represented by substances so diverse 
as serpentine, pyroxene, limestone, and carbonaceous matter. 
This is intelligible on the supposition of tubes filled with for- 
eign matters, but not on that of dendritic crystaUization. 

If all specimens of Eozoon were of the acervuline character, 
the comparisons of the chamber-casts with concretionary gran- 
ules might have some plausibility. But it is to be observed 
that the laminated arrangement is the typical one ; and the 
study of the larger specimens, cut under the direction of Sir 
W. E. Logan, shows that these laminated forms must have 
grown on certain strata-planes before the deposition of the 
overlying beds, and that the beds are, in part, composed of 
the broken fragments of similar laminated structures. Fur- 
ther, much of the apparently acervuline Eozoon rock is com- 
posed of such broken fragments, the interstices between which 
should not be confounded with the chambers; while th^J^t 
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that the serpentine fills such interstices as well as the chamben 
shows that its arrangement is not concretionary.* Again, 
these chambers are filled, in different specimens, with serpen- 
tine, pyroxene, loganite, calcareous spar, chondrodite, or even 
with arenaceous limestone. It is also to be observed that the 
examination of a numl>er of limestones, other than Canadian, 
by Messrs. King and Bowney, has obliged them to admit that 
the laminated forms in combination with the canal-system aie 
' essentially Canadian,' and that the only instances of strac- 
tures clearly resembling the Canadian specimens are afforded 
by limestones Laurcntian in age, and in some of which (as, 
for instance, in those of Bavaria and Scandinavia) Car- 
penter and Giimbel have actually found the structure of 
JEozoon, The other serpentine-limestones examined (for 
example, that of Skye) are admitted to fail in essential points 
of structure ; and the only serpentine believed to be of emp- 
tive origin examined by them is confessedly destitute of all sem- 
blance of JEozoon. Similar results have been attained by the 
more careful researches of Prof. Giimbel, whose paper is well 
deserving of study by all who have any doubts on this sabject. 
In the above remarks I have not referred to the disputed 
case of the Connemara limestones ; but I may state mat I 
have not been able to satisfy myself of the occurrence of the 
structures of Eozoan in such specimens as I have had the op- 
portunity to examine.f It is perhaps necessary to add that 
there exists in Canada abundance of Laurentian limestone 
which shows no indication of the structures of JEozoon. In 
some cases it is evident that such structures have not been 
present. In other cases they have been obliterated by pro- 
cesses of crystallization. As in the case of other fossils, it is 
only in certain beds, and in certain parts of those beds, that 
well-characterized specimens can be found. I may also repeat 
here that in the original examination of Eozoon^ in the spring 
of 1864, I was furnished by Sir W. E. Logan with specimens 
of all these limestones, and also with serpentine-limestones oi 
Silurian age, and that, while all possible care was taken to 
compare with the specimens of Eozoon^ it was not thought 
necessary to publish notices of the crystalline and concretion- 
ary forms observed, many of which are very curious, and might 
afford materials for other papers of the nature of that criticised 
in the above remarks. 

* I do not include here the ' soptariifonn ' structure referred to above, which is 
common in the Canadian serpentine and has no connection with the forms of the 
chambers. 

f Such Irish specimens of serpentine limestone as I have seen, appear much 
more highly crystalline than the beds in Canada which contain Eozoan. 
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[The examination of a. large number of sections of a spe- 
cimen of Eoxoon, recently placed in my hands by Sir William 
Logan, in vhich the canal-system is extraordinarily well pre- 
served, enables me to supply a most unexpected confirmation 
of Dr. Dawson's statements in regard to the occurrence of den- 
dritic and other forms of this system, which cannot be accoun- 
ted for by the intrusion of any foreign mineral ; for many 
parts of the calcareous lamellee in these sections, which, when 
viewed by ordinary transmitted light, appear quite homoge- 
neous and BtructurelesB, are found, when the light is reduced 
by Collin's ' graduating diaphragm,' to exhibit a most beauti- 
ful development of various fonuB of canal-Bystem (often re- 
sembling those of Dr. DawBon's Madoc Bpecimeo, represented 
in PI. Ill, figs. 4, 5], which cross the cleavage planes of the 
shell-substance in every direction. Now these parts, when 
subjected to decalcification, show no trace of canal-system ; so 
that it is obvious, both from their optical and from their chem- 
ical reactions, that the substance filling the canals must have 
been carbonate of lime, which has thus completely solidified 
the shell layer, having been deposited in the canals previously 
excavated in its intenor, just as crystalline carbonate of lime 
fills np the reticular spaces of the skeleton of Echinodermata 
fossilized in a calcareous matrix. This fact afTords conclusive 
evidence of organic utrwcture, since no conceivable process of 
crystallization could give origin to dendritic extensions of car- 
bonate of lime disposed on exactly the same crystalline sys- 
tem with the calcite which includes it, the two substances 
being mineralogically homogeneous, and only structurally dis- 
tinguishable by the effect of their junction-surfaces on the 
course of &tnt rays of light transmitted through them.^- 
w. B. c] 

ExPLADATiOK or THB Plates. 

Bpecimeii of Botoon Caaadttut, imbedded m a dark •colored homc^eiifloua lime- 
stone occuniDg in the Lower Laarantian serieH in Tudor, Ontario ; two- 
thirds or the natural size. 

Plait m. 

Pig. 1. Section or one or the calcaroous IsTers of the Tudor Bperimen (1 
showing canal-Bystem imperfectly infiltrated with black (carboi 
matter; mBgnifled 120 diameters, 
3. Section of the shelly layer of a epeclmen of Eozoon ttota GrenvUs^j 
ing a minute form of caaal-ayatem partly injected with black - - 
partly with aorpentine ; mag;niBod 120 diameters. 

3. Siliceous bodies (intenml casta 1) from a specimen of Eoioon from 
worth ; magnified BO diameters. 

4, S. Sections of a fragment of Eozmm from the Madoc lici 
TariouB forms of cioal-sjetem flllod with carbonate of 
120 diameters. 
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Abt. XXVI. — On Aquacreptitej a -new mineral j and on Co- 
rundophilUe of Cheater; oy Chables Uphah Bhspaed. 

1. Aqua^cr^tite. — The Bubstance here named aqwureptikj 
on account of the crackling sound it emits when thrown into 
water, was sent me last autumn by Mr. W. W. Jefieris, d 
West Chester, Pa., with the remark that it was found at thit 

Slace in a narrow seam in serpentine. The specimens are in 
ttle polyhedral fragments of the size of hazet-nuts, with flat 
or concave surfaces^ somewhat resembling in shape the mie- 
mite from Miemo m Tuscany. Whether the mineral is an 
original compound, or an oxydated hydration of another sub- 
stance, and if so, of what species, it is difficult to say. At 
present, however, it is entirely homogeneous in aspect, and pos- 
sessed of much uniformity of composition. It possesses the 
following characters : 

Massive. H.=2-5. Gr.=:2-08 (Shep.), 205 (Eaton). Color 
yellowish brown. Streak orange yellow. Dull. Brittle. Fracture 
small conchoidal. Adheres rather feebly to the tongue. Falls 
asunder in water with a crackling (decrepitating) noise. The 
decrepitation lasts only for a moment, and is more striking if 
the water is warm. It does not wholly fall to powder in water; 
but a portion of the mass still retains a feeble d^ree of co- 
hesion. 

Ignited in powder, it loses 23 p. c. without change of color. 
Previous to ignition it is taken up by aqua regia, with excep- 
tion of the sUica, which separates in flocks. 

Three analyses were made ; 1, by Prof James H. Eaton of 
Beloit College, Wisconsin ; 2, by Mr. Henry 0. Humphrey, a 
student of Amherst College, and the third by myself. 

1. 2. 3 

Silica, 43-03 41-66 41-6o 

Magnesia, 19-68 (not determined) 1 7 '60 

Peroxydiron, 12-30 12-46 13-80 

Alumina, 6*66 6-71 4-00 

Water, 17'40 16-00 23-00 

97-87 98-90 

1. Corundophilite, — As there had existed some perplexity 
in reference to this mineral as found at Chester, Mass., as the 
abundant associate of the emery and a constituent also of the 
talcose slates embracing the emery vein, I requested Prof. 
Eaton (then in charge of the Amherst College laboratory) to 
analvze the two leading varieties of the corundophilite, vix : 
(1) that in crystals accompanied by diaspore, rutile and sapphire 
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crystals, and (2) the more common variety which occurs in 
scales (slightly columnar), forming a narrow seam on two sides 
of a vein of finely granular indianite. The latter variety, as 
it runs for some distance in proximity to the eastern wall of 
the emery, has been called the ^^ fringe rock " by the workmen. 

Yar. 1, is the same as that analvzol by Pisani, to whom also 
I furnished the specimens upon which he operated, and whose 
results I here inlroduce for comparison with those obtained by 
Eaton. 

Gr. of crystallized variety as determined by Eaton =2*83. 

1. 2. 



/ — — ' ■* \ 



(Eaton.) (PisanL) Eaton. 

Silica, 24-77 24-0 24-69 

Alumina, 25*52 26*9 28*52 

Magnesia, 21-88 22*7 21*86 

Protoxyd iron, 15-19 14-8 16-38 

Water, 11*98 11-9 (not determined.) 

99*34 99*3 

It is very noticeable that wherever at this locality the corun- 
dophilite enters into the talcose or micaceous schist it presents 
characters easily distin^shing the compound from all the 
known varieties of chlorite slate, producing in fact a new rock, 
whose appropriate designation will be corundophilite slate. 

Amherst OoUege, Jnly 22, 1868. 



Abt. XXVII. — A new localtiy of Meteoric Iron in Georgia ; 

by Chables Uphah Shepabd. 

I AM indebted to the kindness of Prof. Charles H. Hitch- 
cock both for a knowledge of the present meteorite and for 
assistance in the purchase of the same from its original pro- 

Jrietor. It was ploughed up in April last on the fiEirm of Mr. 
[ichael Sullivan, two and a half miles southwest of Losttown, 
Cherokee county, Georgia. 

It weighs six pounds and ten ounces, and has very strikingly 
the form of a human foot. Its color is almost perfectly black, 
and is wholly free from stains of iron-rust. It evinces no ten- 
dency to exfoliation ; nor is it uniformly covered by a frised 
coating. Widmannstiittian figures are visible directly in one 
portion of the surface. The indentations are broad and 
shaUow, though on the whole, well pronounced. 

A thin slice weighing twenty-seven grams was sawn from 
the heel end of the mass. The hardness proved im]£m|^no py- 
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rites haying been encountered in the section. The specific m- 
vity of the fragment is 7*52. On bein^ etched wim a duate 
nitric acid, very beautiful Widmannstattian figures were presen- 
ted, not quite identical with any with which I am acquainted, bat 
most nearly resembling those of the Seneca Lake iron — ^the 
difference between the two consisting mainly in a less breadth 
to the bars by about one-third, in the former of these irons. 

I have thus far found time only to examine the filings (or 
rather sawings) of this iron for sulphur and nickeL The fint 
is wholly wanting, while the latter is abundantly present 

Amherst College, July 21, 1868. 



SCIENTIFIC INTELLIGENCE. 

I. CHEMISTRY AND PHYSICS. 

1. HinricMa Atom Mechojiics, — ^That the readers of this Jom^ 
nal may judge of the estimation in which Prof Hinrichs's woik on 
Atom-mechanics is held abroad, we translate from the Grerman of 
Professor H. Fleck, of Dresden, the following notice, the original 
of which will be found in the Jahrbuchfur Mineralogies GecSogU^ 
etc., 1868, p. 333. w. o. 

Under the title of " Atom-niechanicSj or Chemistry a MecAan' 
ics of the Pan-atoms^'* Mr. Gustav Hinrichs, Professor of Phys- 
ics, Chemistry and Mineralogy in the University of Iowa, in u^ 
United States, has published and multiplied by metallograpby a 
monograph, in which chemical processes are based upon mechani- 
cal prinei]j)les, and according to which an attempt is made to refer 
the atomic groumngs of the elements to mechanical phenom- 
ena of motion. The solution of this important problem, with 
which the author has been busied for twelve years, depends upon 
the hypothesis of an atomic system entirely new in its details, the 
starting j)oint of which is pantogeji^ the fundamental principle of 
all chemical elements. The chemically active atoms of the ele- 
ments, by the association of which chemical compounds are finally 
produced, are formed by the grouping of these pantogen-atoms or 
pan-atoms. This hypothesis it is true is not new, since in its iiin- 
damental idea it was employed by Leibnitz, Lotze, v. Wolff^ He^ 
hart and others, and has recently received from Fechner a founda- 
tion so solid and philosophically concrete, that serious doubts of 
the existence of primary material atoms, whether we tenn them 
monads or pan-atoms, can scarcely again be raised. But the 
mode of conceiving the groups of atoms as Mr. Hinrichs offew 
them to our consideration, with the added introduction into the cal- 
culations of the atomic weights adopted in science, is new and in 
every respect peculiar. Upon these last the author bases the whole 
essence of the phenomena of chemical change, and with their re- 
cognition Mr. Hinrichs will unquestionably obtain the reputatios 
of a second Kepler. 
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The reader will have no difficulty in judging how far Mr. Hin- 
richs's mode of conception deserves such a recognition if we en- 
deavor in what follows to elucidate the Atom-mechanics from the 
standing point of the exact sciences. After presenting the pan- 
atoms as probably existing in a firee state in the extreme outer 
atmosphere of the sun and thus as producing light, and considering 
hydrogen as standing nearest to pantogen, IVIr. Hinrichs expresses 
himself as follows : There are but two possible modes of combina- 
tion for equal material points in one plane, i, €., as angle-points of 
an equilateral triangle or of a square. 

Accordingly there are but two kinds of pantogen-compounds or 
elements, tngonoids and tetragonoids. 

This expression requires in the first place an explanation ; by it 
Mr. Hinrichs represents the pantogen atoms as points which take 
their places at the angles of triangles or squares, by the association 
of which panatomic surfaces or atomic areas are formed, which 
again when superposed upon each other in number proportioned to 
the atomic weight of the element form the atom of an element. 
By this however we are involuntarily brought to the following 
questions, no answer to which is offered : 

1. Does not Mr. Hinrichs know that the square itself may be 
made up of two triangles, and that consequently his tetragonoids 
may be referred to tngonoids ? 

2. If the pantogen elements form angle points in a plane, what 
fills up the plane and the intermediate spaces formed by the super- 
position of the planes ? But admitting that these q^uestions in 
their answers do not tell to the disadvantage of Mr. Hinnchs's ideas, 
the following considerations present insuperable objections : Mr. 
Hinrichs introduces in his calculations the atomic weights of the 
elements, taken double or quadruple according to the necessity of 
the case, under the name of Hinrichs's atomic weights, by saying 
that the atomic weight corresponds to the number of pantogen at- 
oms in an elementary atom, so that if we have for instance an ele- 
ment with the atomic weis^ht 100, 100 pantogen atoms are neces- 
sary for the formation of this element. These 100 atoms are dis- 
tributed upon m-surfaces, in each of which there are w-pantogen 
points, so that my,n must be the atomic weight of the element. 

Now as the author considers the trigonoids (non-metallic ele- 
ments) as arising from triangles which by their juxtaposition pro- 
duce an atomic surface and by their superposition a trigonoid atom, 
while the tetragonoid atoms (metals) are assumed to arise from 
the superposition of square surfaces, he fails to see the trifling 
weakness of making from the atomic weight of fluorine = 88, the 
number 35 = 5 surfaces with 7 points ; fi^m the atomic weight of 
bromine = 160, the number 156 = 12 surfaces each with 18 pan- 
atoms; from the atomic weight of arsenic =150 the number 152 
= 8 surfaces each with 19 pan-atoms, &c., and consequently of ar- 
bitrarily altering, increasing or diminishing, as suits the figures 
which he has invented for the benefit of his hypothesis, the com- 
bining weights of the elements fixed by the most precise scieutifift 
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labors. If however, for the sake of a good idea we allow this aiU- 
trary treatment of tested and recognized numerical values to pm 
unchallenged, we must abandon all hope and faith in it when w« 
come to the hydrogen-atom. Tliis element, which with its lowest it- 
omic weight can consist at the utmost of only 4 pan-atoms, belongs 
to the tetraeonoids and furnishes therefore only a surface but no 
body. Hydrogen is therefore, as the normal magnitude of ffin- 
riclis's atomic weights most imkindly treated, and moves about in 
the world as a sudace and without bodily attributes. This redue- 
tion of his system to a surface suggests a great superficiality in 
its treatment, and removes from the mind of the critic all fuither 
doubts as to the signification and value of Hinrichs's atom-mechan- 
ics. While apparently based upon mathematical principles, Hr. 
Hinrichs's work dispenses with a mathematical basis ; thoueh tO' 
nished with an array of chemical atomic weights, these display no 
true scientific treatment ; though adorned with physical phraae^ 
correct ideas of the relations of space and force are entirely want- 
ing. Science will consequcntlv, have nothing to expect firom PnC 
Hmrichs's work in its present form, and like a still-bom child it wil 
be neither mourned nor missed. Every one who has seen from tb 
above the weak foundation upon which the fantastic air castk d 
this idea of pantogen is erected, will think it most advisable tok 
silent as to the further development of Prof. Hinrichs^s monognpl 
in the application and utilization of his ideas. 

2. On Vortex-riuffs in Air; by Professor Robert Baix.— Tb 
production of vortex-rings in air is experimentally shown by tk 
interesting phenomena produced by Professor Tait. These fli 
described by Sir William Thompson in the Philosophical Magaiiiii 
for July 1867. I repeated these exi)eriments with the kind aid if I 
Dr. Emerson Reynolds ; in doing so an interesting variation i\ 
them presented itself which renders the air-rings actually visifcfcj 

While engaged on this subject, Mr. Yeates suggested tomenj 
try the effect of discharging an air-ring at a column of smob;/ 
tins was done, and a most curious and unexpected appearance f>| 
the result. Tlie box employed wjis a 2-fc»et cube, and had a hojef 
inches in diameter, the side opposite having a piece of stout S9l€^^ 
strained over it. A blow on the sacking causes an air-ring to 
from the hole. Two large flasks containing respectively h; 
chloric acid and ammonia were arranged with their mouths in 
proximity and their ^contents vigorously boiled ; from the VlXM\ 
their vapors a dense column of the fumes of chlorid of ammoidl 
ascended. This apparatus was placed about eight or ten ftfti 
front of the box. An air-ring on first leaving the box was of ca'* 
invisible ; when it reached the column of smoke it could be 
to force its way through it ; but when it left the column and di 
its subsequent existence its appearance was very remarkable, 
first the idea suggested itself that the single air-ring had fw 
two concentric smoke-rings; but closer examination and aa 
proved column of smoke snowed what had really occurred. 
aii'Ting had penetrated tb« «moke quite uninjured; it hsi 
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rently left any of its particles behind, nor had it admitted an 
; of smoke into it ; but it had drawn with it sufficient of the 
:e to form a complete shell, which enclosed it, and thus ren- 
1 the air visible. The phenomenon is quite in accordance 

conservatiye tendency which theory shows must belong to a 
3x-filament. The appearance is one of great beauty, and sug- 
id the name " negative smoke-ring/' 

was considered desirable to make these experiments before an 
ing scientific meeting of the Royal Dublin Society. Smoke- 
} are seen to greatest perfection when directed along a sunbeam 
itted into an otherwise darkened room ; and though they can 
ien beautifully in ordinary diffused sunlight, by gaslight they 
3 a very poor show ; special means of illumination are therefore 
ssary. The following arrangement is found to succeed admir- 
. By a simple opticalcontrivance the radiation from a brilliant 
•light is concentrated into a sliehtly conical beam, all other 
i in the room being extinguished. The box is placed in the 
1, the orifice facing the lamp, and from twenty to thirty feet 
^nt from it ; at the box the diameter of the circular section of 
uminous cone is firom 3 to 4 feet. A smoke-ring driven from 
>ox will, if suitably directed, traverse the beam through its 
e length until it reaches the lamp ; and as it is brilliantly illu- 
kted throughout its path, the appearance presented is of great 
ty. A second box can be placed at the lamp end of the beam, 
\ to show the effect of the collision of rings. The fumes pro- 
d by burning a small piece of phosphorus develops an ample 
ly of smoke in the interior of the box. This mode of produ- 

smoke was suggested to me by Dr. William Barker ; it is 
ler to manage inside the box than the apparatus necessary for 
ing chlorid of ammonium. By the introduction of colored 
tes various pleasing effects can be produced. If a sheet of 
e-paper be very lightly attached to a frame and interposed in 
beam, a vigorously sent smoke-ring will sweep it away in a 
ing manner. 

) exhibit the air-rings, the column of smoke already described 
aced so as to ascend through the beam, and rather nearer the 
than the lamp. An air-ring from the box is, of course, invisi- 
111 it reaches the column, while in its passage from the column 
le lamp the curious phenomenon already mentioned is most 
itifuUy shown. The negative smoke-rings are much better seen 
1 thus illuminated than by ordinarv daylight. A box of the 
msions previously given, viz : a 2-foot cube with a hole of 8 
3s diameter, was found to answer better for this purpose than 
newhat smaller box with a hole of 6 inches aperture, 
le column of smoke may perhaps serve as a test for the exist- 

of vortex-rings in other cases, when, produced in air, they 
uvisible. This was tried in one instance. It is a common 

to blow out a candle by the puff of air from the muzzle of a 
when a percussion-cap is exploded on the nipple. This puff is 
ablv a vortex-ring. Owing to the high velocity with which it 
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moves, it is difficult to trace the effect produced by the column 
of smoke. One person, however, firing mm an elevated positioii 
and at a distance of fifteen or twenty feet from the flasks down 
upon the column, and another watching against a dark background, 
a distinct ring was occasionally seen to dart from the column after 
the percussion of a cap ; but whether these were " negative rings," 
as was expected, or ordinary ^* smoke-rings," was not easy to dete^ 
mine. 
Royal College of Science for Ireland, Dublin, May 28, 186S. 

P. S. — Since writing the foregoing, it occurred to me to fill the 
box with ammoniacal gas and to discharge rings from this at a 
column of the vapor ol hydrochloric acid. In this case the ring, 
before reaching the column, is perfectly invisible, and the existence 
of the column is only seen by slight traces of partially condensed 
vapor. As was expected, a beautiful ring appeared, from the oomr 
bination of the two gases, when the ammomcal ring reached the 
column. — PhiL Mag,j IV, xxxvi, 12, July, 1868. 

June 16, 1868. 

II. HINEBALOGT AND GEOLOOT. 

1. Twentieth Annual Heport of the Megents of the IThivenity 
of the State of New York on the condition of the State CtMnet of 
Natural History and the Historical and Antiquarian Collections 
annexed thereto. Transmitted to the Legislature, April 15th, 1867. 
410 pp. Bvo, with 20 plates. Albany. 1868. — ^This State Cabinet 
Report for 1867 is mainly occupied by the results of the paleonto- 
logical researches of Prof. HalL A large number of new paleo- 
zoic species are described, along with much that is of interest with 
regard to the structure and the relations of genera. ProC Hall 
has here reproduced his very important memoir on 6raptolite« 
published by the Canadian Survey, with some additional ooserva- 
tions. 

In connection with a statement of his observations on the shell 
structure of some species of Spirifera, on p. 256, Prof. Hall takes 
occasion to complain of Mr. F. B. Meek who has published on 
the same subject. Mr. Meek's paper appeared in this Journal, as 
stated, in May, 1866. Mr. Hall, in a letter written subsequentlj 
to one of the editors of this Journal, claimed that he had had the 
same views for some time in print, and to show this sent on a fev 
pages of his unpublished 4th volume. In reply, it was stated that 
printing without publishing, was no basis for a claim in science. 
jVIr. Hall afterward had the chapter issued in the Proceedini^ of 
the American Philosophical Society, but issued without the sllsd^t- 
est allusion to Mr. Meek's earlier publication. My*. Meek in a later 
article, May, 1867, alludes in a note to this fact. Mr. HaU in reply 
urges that his article in the Proceedings was not published as a 
paper presented to the Philosophical Society, but as an extract 
from a " volume printed and not yet published," and iniplies that 
therefore he was under no obligations to allude to Mr. Mcpk. He 
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adds ^^ that the Joamal of Science professes to deal fairly and 
juMy in all scientific matters, a^d one of its editors was in posses- 
sion of all the facts and could have prevented all cause of ill feeling 
on the part of any one.'' But the editors of the Journal cannot 
but think that if Mr. Hall had dealt fairly in the first case, and al- 
luded, in connection with the article in the Plroceedings of the Phi- 
losophical Society, to Mr. Meek's prior publication, as he ou^ht to 
have done, there would have been no occasion for any ill-feehng on 
the part of any one. An article published by a Society is & paper 
presented for publication, whatever may have been its previous his- 
tory, and comes under the ordinary rule of courtesy among authors. 

We may add that there is no man of science in the country who, 
in our opinion, aims to be more strictly just to others, and is more 
faithful m research, than Mr. Meek. 

2. On a new large Enaliosaur; by Prof. E. D. Cope. — ^Prof. 
Cope exhibited to the Academy several fragments of a large Ena- 
liosaur, discovered by the Academy's correspondent at Fort Wal- 
lace, Kansas, Dr. Theophilus H. Turner. R)rtions of two verte- 
brse, brought east by Dr. LeConte from his geological survey of the 
Pacific Railroad route, had previously indicated to the spealcer the 
existence of an animal related to the Plesiosaurus ; and the recov- 
eryof the greater part of the reptile had confirmed this afiinity. 

The remains consisted of over one hundred vertebrae, with nu- 
merous portions of ribs, the greater part of the nelvic and scapular 
arches, with two lone bones somewhat like &mora. Part of a 
muzzle, with teeth, belonged to the same animal 

The species represented a genus differing in important features 
from Plesiosaurus and its near allies. These were the absence of 
diapophyses on the caudal vertebras, and the presence of inferiorly 
directed plate-like parapophyses, which took the place of the usual 
chevron Dones in the same position ; also in the presence of 
ohevron-like bones on the inferior surfaces of the cervical vertebrae ; 
ifiirther in some details of the scapular and pelvic arches. The dia- 
pophyses of the dorsal vertebrae originated from the centrum, and 
not from the neural arch. 

In generic features it is related to the Cimoliosaurus and Bri- 
mosaurus of Leidy, so far as the latter are yet known. It differed 
firom both of them in lacking diapophyses on the lumbar vertebrae. 

The general form was different from Plesiosaurus in the enor- 
mous length of the tail, and the relatively shorter cervical region. 
The total length of the vertebral column sent was thirty-one feet 
ten inches, divided as follows : caudals 18 ft. 10 in., dorsals 9 ft. 8 
in., cervical 3 ft. 4 in. ; adding for missing cervicals and cranium at 
least 2 ft. 6 in., we have a total of 34^ feet. An interval of three 
to four feet occurred between the cervicals and dorsals as they lay 
in the cliff from which they were excavated, which if, as is probable, 
it was occupied by vertebrae in the animal, would give a length of 
thirty-eight feet. The caudal vertebrae had very compressed centra, 
and elevated neural and haemal laminae, and were of unusually elon- 
gate form. Neural arches everywhere on the column co-ossified. 



264 Sdeniific InteUigence. 

All the yertebrsB coDsiderably more constricted medially thaa u 
Brimosaurus or Cimoliosaurus, and none except cerricalB with sndi 
small antero-posterior diameter as the latter possess. 

The general characters of the species are to be presented in t 
special essay. 

He called it EUtsmoscmrua platyurus Cope, from the caadallam- 
inic, and the ^reat plate bones of the sternal and pelvic reffioni. 
It was a marine saurian, whoso progression was more largely ao- 
compliKhed by its tail than by its paddles. 

The teeth and muzzle showed it to be an ally of Plesiosannu. 
The former were cylindric, implanted in very deep alveolae, and 
furnished with a very small pulp cavity. Tlie exposed snrfiioe 
closely and sharply striate to tne narrowly acuminate tip. 

The beds were argillaceous, with much gypsum ; the latter min- 
eral coating the bones. The age was Cretaceous ; perhaps, accord- 
ing to LeConte, the upper middle. The matrix beneath the domi 
vertebne contained remains of perhaps six species of fishes, several 
Ctenoid, among them a known Enchodus, and a Sphyraea, to be 
called Sph, carbwta Cope. — Froc. Acad. ScL PhUad^^ 1868, 92. 

3. Bone caves of Jirazil and their animal remains; by Pro£ 
KKmHAKDT. — An important though popular paper by lSro£ Rdn- 
hardt, on the bone caves of Brazil, closes with the following genenl 
conclusions : 

^^ 1. During the Post-pliocene epoch, Brazil was inhabited by a 
very rich Mammalian Fauna, of wnich the recent one might almost 
be said to be a mere fraction or a crippled remnant, as many of its 
genera, even families and sub-orders, nave vanished, and very few 
have been added in more recent times. 

2. During the whole Post-pliocene epoch the Brazilian Mamma 
lian Fauna iiad the same peculiar character which now distingnishefl 
the South American Fauna, compared with that of the old world ; 
the extinct genera belonging to groups and families, that to this 
very day are peculiarly characteristic of South America. Only 
two of its genera, the one extinct (Mastodon), the other still living 
(the IIorHe), belong to families that incur epoch are lunited to the 
Eastern Hemisphere. 

3. All the Mammalian orders were not in the same decree richcf 
in genera in former times than now. The Bruta, Ungmata, Pro- 
boscidea, and, lastly, the Fcra>, have relatively suffered the greatest 
losses. Some orders, for instance the Chiroptera and Simne, num- 
ber perhaps even more genera now than formerly. 

4. The Post-pliocene Mammalian Fauna of South America dii^ 
fered much more from the modem one, and was especially more 
rich in pt'culiar genera, now extinct, than the corresponding fauns 
of the Old Worid. 

5. Tlie scantiness of great Mammalia — one might say the dwarf- 
like stamp impressed upon the South American Siammalian Fauns 
of our days, when compared with that of the Eastern Hemisphere, 
was much less observable, or rather did not exist in the prehistoric 
Fauna. The Post-pliocene Mastodonts, Macrauchenise, and Toxo- 



Mineralogy and Oeology. 265 

dontB of Brazil, its many gigantic Armadillos and Sloths coold 
well rival the Elephants, Rhinoceros, and Hippopotami, which dur- 
ing the same period roamed the soil of Europe. — Tidschrift f, pop, 
FremstiUinger af JVat.y 1867. — The Geological Magazine^ or 
Monthly Joum, of Geology ^ p. 227. 

4. Paleozoic JSntomostraca, — Plrof. T. Rupert Jones and Dr. 
H. B. HoLL, publish No. Vlll of notes on the Paleozoic Bivalved 
Entomostraca, in the Annals and Magazine of Nat. History, IV, 
ii, 54, (July, 1868), describing some Lower Silurian species from 
the chair of Kildare, Ireland. 

6. On the discovery of a new JPulmonate Mollusk [Zonites 
( Contdus)* priscus CprJ in the Coalformation of Nova Scotia ; 
by J. W. Dawson, LL.D., with a description of the Species ; 
by Philip P. Gabpbnteb, M.D., (Q. J. Geol. Soc, Nov. 1867, 
331.) — ^This memoir describes a shell found last summer in the course 
of excavations made under the direction of Dr. Dawson in the bed 
in subdivision Yin of the Joggins Section, between coals No. 37 
and No. 38 of Logan's sectional list, already referred to in previous 
papersf as containing great numbers of shells of Pupa vetusta. 
This bed is 1217 feet below that in which Pupa vetusta was origin- 
ally discovered in trunks of erect Sigillariee, and about 42 f(!et be- 
low coal No. 37,J or nearly in the middle of the band of reddish 
and gray sandstones and shales intervening between coals No. 
37 and No. 38. 

In digging into the bed, it was found that the shells of Pupa 
were irregularly disposed in nests, and were in some spots very abun- 
dant, especially in the argillaceous and nodular parts, while in 
other places, and especially in the more carbonaceous portions, 
none were found. In the last-mentioned parts of the bed there are 
numerous obscure vegetable remains, especially leaves of Corda- 
ites^ leaflets of Sphenopteris, and Trigonocarjpa, apparently of the 
same species {T, Sigillarice) found with Pupse in the original reposi- 
tory in the erect SigillariaB. The appearances were such as to con- 
firm the impression, stated in a previous paper, that the land-shells 
were drifted along with vegetable matter by some quiet stream, and 
deposited on the muddy bottom of shallow water. 

One object in excavating the bed was to ascertain if any other 
species of land-animal than Pipa vet^ista could be obtained from 
it ; and in the first instance, the result appeared purely negative, 
except in the presence of minute fragments of bone, and of what 
mignt have been the chitinous ihtegument of insects. On a more 

• Contihu Fitz., 1833 {=T^ochi8cu8 Held, 1837, non Sly.; ^Petasia Beck, 
183*7 'y^sPerfifrateUa Schliit). is a subgenus of Zonites Montf. (non Leach, Gray), 
acoording to Messrs. Adams, ' Genera of Recent Shells,' vol. ii, p 116, and theh* 
follower Chenu, * Manual de Conch, et de Pal^ont.,' vol. i, p. 422. Those who do 
not care to enter mto the modem divisions of the land-shells, may quote the 
species as a Zonites — or even, speaking loosely, as a Helix. 

{Quart Joum. Geol. Soc, Feb. 1862, and May 1866, p. 121. 
Inoorrectly stated as 12 feet in the paper last mentioned. 

Am. Joub. Sol— Seooicd Sbkies, Vol. XLVI, No. 137.— Sept., 186a 

18 



266 SdenJtific InteUigence. 

careful examination of the large quantity of fragments of Pugpa 
obtained, I was able to select a few small specimens, all of them 
more or less crushed, which seemed to differ materially from the 
young of Pupa vetusta in form and surface-marking. On submit- 
ting these to Dr. Philip P. Carpenter he at once recognized their 
distinctness from Pupa vetusta. Dr. Carpenter names the spedes 
Zoyntes ( Conuiiis'^ priacua Cpr. 

Afler the descnption of it he adds ^^ It is probable that there ifl 
a third species among the fragments which haye been fi>and, pre- 
senting a shape more resembling the H, conulusj and other trochi- 
form snails. It would be premature howeyer, to yenture on a de- 
scription until more perfect specimens haye besn obtained.** 

6. Notes on Hetch-Hetchy ValUy: by C. F. Hoffkanit, (Ptoc 
Ac. Sci CaL, iii, 368.) — ^Tuolumne V alley, or Hetch-Hetchy, as it 
is called by the Indians (the meaning of this word I was unable 
to ascertain) is situated on Tuolumne riyer about fifteen miles in 
a straight line below Tuolumne Meadows and Soda Springs, and 
about twelye miles north of Yosemite Valley. Its eleyation above 
the sea is from 3,800 to 3,900 feet, a little less than that of Tose- 
mite. The yalley is three miles long running nearly east and west, 
with but little fall in this distance. Near its center it is cut in two 
by a low spur of shelying granite coming from the south. T\a 
lower part forms a large open meadow with exceUent grass, one 
mile in length, and gradually increasing from ten chains to a little 
over half a mile in width, and only timbered along the ed^^ 
The lower part of this meadow terminates in a very narrow cafion, 
the hills sloping down to the river at an angle of trom 40° to 60°, 
only leaving a channel from six to ten feet wide ; the river in the 
valley having an average width of about fifty feet. This is the 
principal cause of the overflow in spring time of the lower part of 
the valley, and probably also has given rise to the report of there 
being a large lake in the valley. Below this cafion is another 
small meadow, with a pond. The upper part of Hetoh-Hetchy, east 
of the granite spur, forms a meadow one and three-fonrths miles in 
length, varying from ten to thirty chains in width, well timbered 
and aflTording good grazing. The scenery resembles very much 
that of the Yosemite, although the bluffs are not as high, nor do 
they extend as far. On the north side of the valley, opposite the 
granite spur we first have a perpendicular bluff, the top of which is 
1,800 feet above the valley; the talus at the base is about five 
hundred feet above the valley, leaving a precipice of about 1,800 
feet. In the spring when the snows are melting a large creek 
precipitates itself over the western part of this bmffi I was toM 
that this fall is one of the grandest features of the yalley, sending 
its spray all over its lower portion. It was dry, however, at the 
time of my visit. The fall is 1,000 feet perpendicular, after which 
it strikes the debris and loses itself among the rocks. About thirty 
chains farther east we come to the Iletch-Hetchy fall ; its height 
above the valley is 1,700 feet. This fall is not perpendic^, 
although it appears so from the front, as may be seen from the 



Mineralogy and Oeology. 267 

photograph by Mr. Harris. It falls in a series of cascades at an 
angle of about 70°. At the time of my visit the Yolume of water 
was much greater than that of Yosemite fall, and I was told that 
in the spring its roarinffs can be heard for miles. 

Still rarther east we have two peaks, shaped very much like ^'The 
Three Brothers,'' in the Yosemite. Their base forms a large, naked 
and sloping granite wall on the north side of the valley, broken 
by two timbered shelves, which run horizontally the whole length 
of ^e wall. Up to the lower shelf or bend, about eight hundred 
feet high, the wall, which slopes at an angle of from 45"^ to 70"", is 
polished by glaciers, and probably these markings extend still 
higher up, as on entering the valley the trail followed back of and 
along a moraine for several miles, the height of which was about 
1,200 feet above the valley. The same polish shows itself in places 
all along the bluffs on both sides, and particularly fine on the 
granite spur crossing the valley. There is no doubt that the lar- 
gest branch of the great glacier which originated near Mt. Dana 
and Mount Lyell, made its way by Soda Springs to this valley. 
A singular feature of this valley is the total absence of talus or 
debris at the base of the blufis, excepting at one place in front of 
tiie &lls. Another remarkable rock, corresponding with Cathedral 
Bock in the Yosemite, stands on the south side of the valley, 
directly opposite Hetch-Hetchy &11; its height is 2,270 feet above 
die vauey. The photograph by Mr. Harris will give some idea of 
this rock. 

7. Acadian Geology. The Geological structure^ Organic re- 
mains and Mineral resources of Nova Scotia^ New Jlru?isioick^ and 
Prince Edward Island; by John William Dawson, LL.D., 
F.R.S., etc. 2nd ed., revised and enlarged. 694 pp. 8vo, with a geo- 
logical map and numerous illustrations. London, 1868, (Macmil- 
lan & Co. ; Dawson Bros., Montreal) — ^Dr. Dawson's Acadian Geol- 
ogy was originally written largely from his own researches ; and 
the numerous additions to this second edition, are to a consid- 
erable extent from his more recent labors, although he acknowl- 
edges his indebtedness to various other sources. While he 
has made the rocks and coal seams of the great coal formation of 
Nova Scotia his special study, and devotes a large part of his vol- 
ume to this subject, he has brought out much that is new with re- 
gard to all the various rock formations, from the most ancient to 
those of the human era. The following subjects are among those 
of general interest discussed in the work : 

(1.) The Pre-historic Human period in Acadia, in comparison 
with that of Europe ; (2.) The character and origin of the Boulder 
Clay and Surface Glaciation, in connection with prevailing theories 
on these subjects ; (3.) The Flora of the Carboniferous period, 
more especially with reference to the affinities of the several genera 
of plants, and their relative importance in relation to the Ibrnia- 
tion of Coal — a subject which will be found more fully illustrated 
in this work than in any previous publication ; (4.) The still more 
curious and ancient Devonian Flora as displayed in New Bruua- 
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-Nvick ; (o.| The Land Animals of the Carboniferous andDeTonian 
periods, ol which Acadia has afforded so many examples ; (6.) 
The peculiarities in the nature and age of the Auriferous Deposits 
of Nova Scotia ; (7.) The remarkable Primordial Fauna of South- 
ern Xew Brunswick, and the peculiar development of the Lower 
Silurian in the eastern slope of North America. 

The work, while full of instruction, is therefore a treatise on 
many of the deeper principles of the science. The student of 
American Geology should study it for the new light it throws on 
the history of the rocks and li& of the American Continent ; and 
all interested in geological discussions will find it valuable read- 
ing. Dr. Dawson's investigations are made with thoroughness 
and caution, and hence his conclusions always merit consideration. 

The work, besides containing a colored geoloo^ical map of the 
region, is illustrated with numerous figures of fossils; among them 
several of new carboniferous reptiles (their bones and foot-prints), 
insects, and air breathing mollusks ; a large variety of coal plants, 
both of the Devonian and Carboniferous, many of them novel 
fonns, besides various species illustrating the Jrost-pliocene en 
and tlie life of other periods. 

8. On Subaerial Denudation^ and on Cliffs and JSscarpmenU 
of the Chalk and the Lmcer Tertiary/ Beds^ by Wm. WHiTAK£Sy 
F.G.S. 28 pp. 8vo. (From the Geological Magazine, iv, 447, 
483, 1807.) — ^The author concludes his important paper as follows: 
All geologists know that rivers have made great aeposits, as for 
instance the Weaklen Beds, and therefore I do not see how they 
can avoid allowing that rivers, etc., have been the agents in eflfect- 
ing a great amount of denudation. The solid matter of the 
Wealdcn Beds must have existed somewhere before, and must 
have been worn away by subaerial actions and carried off by 
streams (the sea being quite out of the question) : more too must 
have been worn away than was deposited afterward by the rivers, 
for much would be carried out to sea to form a marine deposit. 
Of course fresh-water beds are both less common and thinner than 
marine beds, but so also, as aforesaid, the comparatively trilling 
denudation that has formed our hills and valleys is oi far lew 
amount than that which has planed down vast tracts of country 
and carried off therefrom a great thickness of rock. Perhaps, 
indeed, the proportion that the effects of manne denudation bear 
to those of subaerial denudation is not far from the same as that 
which marine deposits bear to fresh-water deposits. 

To those who say that subaerial agents are too small and too 
weak for the work which has l)een put to their credit, it may be 
answered that imlimited time would get over that difficulty. Xnd 
it should also be borne in mind that good evidence has been brought 
forward that in late geological times our climate was far more 
severe than now, and that there may have been a far more rainy 
period before the present order of things was established ; or in 
other words, that the agents in question were far more powerfiil 
than they now arc in these islands. Great change indeed has 
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taken place in historic times ; the felling of forests, the draining 
of land, the embanking and canalization of rivers, the reclaiming 
of marshes, and the like human handiworks having had their effect 
in lessening rainfall and floods, and therefore also the wearing 
action of surface water. 

Lastly it seems to me that the discussion of the question of 
denudation has been argued on a wrong foundation. Surely if we 
can explain the facts and appearances we see by actions and oper- 
ations that can be seen goin^ on at the spot now, we are bound to 
take such explanation until it can be disproved, or until a better 
one can be given, and we have no right to call in the aid of other 
and distant operations, without there is some good sign of their 
having been once present (thus for instance with regard to many 
rock-basins now far from glaciers, there are unmistakeable signs 
of their having once contained ice). As a simple matter of rea- 
soning therefore, apart from all scientific truth, we are bound to 
accept the theory of subaerial denudation until it can be put 
aside. Gleologists should not call on those who hold it, and who 
show its agreement with things seen, to disprove other theories ; 
but rather should expect its adversaries to disprove it, and to 
show first, that rain, rivers, ice, springs, damp, and frost are pow- 
erless to wear away rocks and to cut out escarpments, valleys and 
rock-basins, and secondly, that the sea can do and does such work. 
This, no light task trul^, must be done, if it can be done, not by 
mere assertions of individual opinion, or mere statements basecl 
on hasty and prejudiced observations, but by hard work and sound 
reasoning. Not with us, but with our opponents, lies the amis 
probandi, 

9. Death of JB^shes on the coast of the Bay of Fundy ; by Dr. 
A. Lbith Adams, F.G.S., 22nd Regiment. — On the 24th of Sep- 
tember, during a heavy gale from the west, impinging almost 
straight on to the entrance of the Lagoon known as Anderson's 
cove, enormous numbers of fish were observed floating dead upon 
the surface of the water, and thrown up in quantities by the waves. 
On the gale subsiding, the whole surface of the lagoon and its 
banks were covered with dead fish, to the depth of a foot in some 
places. It was evident that the shoal had been literally ground to 
pieces against the rocks by the force of the waves. In conclusion, 
the author referred to the vast quantities of fossil fish found in the 
Devonian and other strata, which suggested catastrophes allied to 
the above incident. — Proc. QeoL Soc.^ PhiL Mag., July, 1808. 

10. Geological chart of Southern Norway^ representing the dio- 
eeses of Christiania^ Hamar^ and Christiansand^ made during the 
years 1868 to 1865, by MM. Theodore Kjbbulf and Tellef 
Dahll, under the order of the Minister of the interior of the Royal 
Government of Norway. — This large and beauti^l chart is exe- 
cuted in the very best style, in all respects. It is onja scale of 
V: 400,000. As the rocks are mainly granitic and " 
amorphic, the map has a special interest to Ne 
Canadian Geologists, and those of other regions 
of rocks prevails. 
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1 1. Revue de Oiologie pmir les annies 1865 et IBMj rar M. Di- 
LESSK et M. de Lapparbnt. Vol. V. Paris, 1868. (I>imod). — 
Another of the valuable Annual Reports on the progress of Ge- 
ology, by Delesse and Lapparent. 

III. BOTANY AND ZOOLOGY. 

1. 7%€ Book of Evergreens^ a practical Treatise on the Ccnif- 
erm or Co7ie-beari?ig Plants^ by Josiah Hoopes. XUnstnited. New 
York. Orange Judd & Co. pp. 435, 12mo. — ^This book is much 
wanted, is creditably executea, and is likely to be widely pomlar. 
The illustrations are well chosen, numerous, and fairly good, ^reat 
pains have been taken to mention, if not to describe all the Coni- 
lers known to be anywhere in cultivation, even the tender ones 
which can only be kept in conservatories ; and all the finer species 
of more favored climes which promise any chance of suooeeding 
in this country are favorably introduced to notice, in the hope that 
they may somewhere in our broad land secure eBtablismnentb 
The trees are here treated oicon amore^ by one who not only loves 
them, but knows them well, in a {)ractical and popular way. 

After such general commendation, the true work of tihe critic 
might begin, and various things be pointed out, typographieaL bo- 
tanical, and literary, which may suggest amendment in More edi- 
tions. But many of the points to be noticed have probably caught 
the author's eye before this. For instance, that ii he must needs 
refer Sequoia^ the genus of our famous Redwoods of California, to 
the Pine Family proper, or Abietin^ce^ he should at least modify 
the character of the group so as to receive it. We were at a loss 
to know why a genus so entirely Cupressineous as Sequoia should 
ever have been referred to Ahietineoi; but we find that Endlieher 
was misled by Sir Wm. Hooker's figure of some foliage which he 
guessed mi^ht belong to the great tree of which Douglas and Coul- 
ter had spoken, though it is now evident that the trees they saw 
were of tne common Kedwood {S, 8empervirens\ and the branches 
Hooker figured, belonged to a Fir. So Endlicner, who in his lat- 
ter days only compiled, mixing up in his new genus a Redwood 
with a Fir, attributed scaly buds to it, and referred the mixture to 
the Abietinem ; and so in his turn misled our present author, who, 
although aware that Endlicher's Sequoia gigantea is a nonentity 
and a plunder, did not work his way clear of the consequences. 
At length, when Endlicher's genus really got its second species, 
and Torrey and Decaine, independently at about the same time, 
identified it, they only followed the rule of nomenclature in tran8fe^ 
ring Lindley's specific name of gigafitea from WeUingtonia to Se- 
quoia^ the homonym of Endlieher, taken from Hooker, having been 
obliterated in the correction of the error. 

We must complain of Mr. Hoopes, that in his compilation of 
the popular account of this famous tree, he cites too ma^ from the 
fanciful narrative of Bayard Taylor, and too little from the faith- 
ful account of Dr. J. M. Bigelow, and still more for his iteration of 
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an Trnwarranted statement that, ^^ according to the annual rings, 
the age of this tree was 3,100 years" ; and this in the very face of 
Dr. Bigelow's statement before him, of two actual countings of the 
layers, reducing this aee more than half If further evi&nce be 
required, we would refer to the account of a third and very precise 
measurement and counting, by Mr. De la Rue, which is referred to 
in this Journal for July, 1866. Notorious as is the incorrectness of 
the long-current popular statement, it seems impossible to arrest it. 
In Prof Brewer's account of the Mariposa Grove, printed by Sir Wil- 
liam Hooker, the name was accidentally given as '^Maipula"; 
and so it xeads in Mr. Hoopes' extract. Since Mr. Meehan is 
thanked for constant aid rendered, we could wish that he had in- 
formed our author, that Pinua pungens inhabits his own state of 
Pennsylvania as &r north as Reading. ^^Nubiginean Podocar- 
puB," as the English of P, nuMgena^ may set some readers in search 
of a country whence the species comes, and which they may rightly 
conclude is in nubiln^ mperfections and little mistakes are un- 
avoidable in a first essay even of an experienced writer ; but good 
success at length rewards faithfid endeavors. a. g. 

2. 27ie Miscellaneous Botanical Works of Robebt Bbowx, 
[edited by J. J. Bennbit, for the Ray Society], voL ii, containing 
8, Systematic Memoirs, and 4, Contributions to Systematic Works. 
1847. 8vo, pp. 786. — ^Referrine to our former notice of the first 
volume for some account of this excellent undertaldng, we may 
here barely state that the systematic memoirs, here given, begin 
with that on Protacecs^ followed by the memoir on Asclepiadecf 
and the ApocinecSj published in 1811 by the Wemerian Society of 
Edinburgh, copies of which are very rare, and end with the paper 
on IjimnanthecSj 1833. 

In the part entitled contributions to scientific works, we have all 
that Mr. Brown wrote for the later volumes of the ITortus Keioensis^ 
for Richardson's Botanical Appendix, Wallich's Plantm Asiaticm 
Hariores^ Bennett's PL Javanicce Pariores^ with extracts from PoL 
Mag.y Pot. Peg.y etc., etc. The whole concludes with a capital 
Index of Subjects to vol 2, by the Editor, and an Index of Names 
of Plants to Doth volumes, by Mr. Carruthers. a. g. 

8. ITie Journal of the Linnean Society^ Potany^ numbers 42 and 
43 just received, interest us chiefly in the paper entitled Notes on 
MyrtacecSy by Gbobos BBNTHAK,.the President of the Society. — ^We 
have here an elucidation of the principles according to which this 
family was revised in the new Genera Plantarum^ and the Aus- 
tralian species worked up in the Flora AustrcUica^ along with some 
recent corrections. Among the latter is the announcement that 
Nelitris of Gsettner is not the Myrtaceous genus it was supposed 
to be, (viz,=2>ecajwenwwmForster^, but the Kubiaceous Timoniiis^ 
as ascertained by Thwaites several years ago. In view of the un- 
willingness of the authors of the new Genera Plantarum to recog- 
nize genera proposed by the predecessors and contemporaries of 
Linnseus, it may not be supernuous to claim that the now estab- 
lished name of Timonius ought not to be superseded simply be- 
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cause Linnieas happened to overlook the genus altogether. That 
was the fault of Linnieus, not of Rumphius. 

We read with much satisfaction the convincing arguments bj 
which Mr. Bentham vindicates the orthodox view of the calyx-tUM 
of the Rose, of various Myrtacea? and the like, as against the notion 
lately threatening to prevail, that the consolidated lower part is a 
hollow receptacle or axis. Finally, as a general term for leaves 
and their homologues is wanted, one which may play its part in 
botanical description equally in Latin or anv modem vernacular 
(which "leaf organs," suggested by Mr. Bentnam, will hudly do), 
we propose the word phy lion ^ plural phyUa^ as every way conven- 
ient and serviceable, — ^in this following the analogy of phyUm al- 
ready appropriated for the integer of the suhRpUie the phyUon or 
phylla it bears. 

At this moment we receive Nos. 44 to 47 inclusive. The most 
interesting: and largest papers are those of Mr. Berkeley and Dr. 
Curtis, which, under the title of Fungi Cubenaes^ describe Mr. 
Charles Wright's matchless collection of JFkmgi of that island, 
consisting of 888 species, of which about 66 per cent are peeoliir 
to Cuba, and the greater part new. Also Mr. Darwin's paper on 
the Hybrid-like nature of the offspring from the illegitimate uiions 
of dimorphic and trimorphic plants ; and on the specific differences 
between the primrose and the cowslip, with proof of the hybrid 
nature of the common oxlip. ▲• 6. 

4. Theorie de la Feuilley par M. Casimib De Candoixb. — A 
short, very interesting article in the Archives des Sciences of the 
Bibliotheqtie UnimrseUe of Geneva for May, 1868, and separately 
issued. A new study of the development and arrangement of the 
vascular bundles or woody system of the leaf, with a view to a bet- 
ter comprehension of the morphology of the organ. The author 
concludes that, as a matter of fact, the vascular bundles are arranged 
on the same general plan in leaf and axis, and theoretically that 
the leaf is a branch with apex atrophied, thus stopped firom con- 
tinued extension, and with posterior (upper) side atrophied, as 
shown in the ordinary deficiency of vascular bundles in that region, 
but that many leaves exhibit a strong tendency to complete the de- 
velopment of that side. All this will not be generally comprehen- 
ded without some details, which we cannot now enter into. We 
should prefer to formulate these ideas somewhat differently, and 
identify the leaf, not with a branch or secondary axis, nor properly 
with axis at all, but to regard it as the expanded termination, 
or free portion, of each integer of axis (intemode), t. c, the free 
part of a x>hyton. 

The provision in the vascular systems for very various secondary 
developments, posterior or facial as well as lateral, is interestingly 
worked out and a])plied to deduplication or chorisis, which thus 
gets new support from organogeny ; and the application of investi- 
gation to the cup of the Rose and the stamen and carpel of 
5lagnolia is not less interesting. a. g. 
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6. Obituary announcemefit — ^It should here be recorded that two 
veteran botanists have recently deceased in Great Britain, both of 
whom had many friends in this country to deplore the loss ; viz.: 
Nathanhbl B. Wabd, of ClaphamRise, near London, the inventor 
of the Ward Gase^ and Plrof. Gsobgb A. Walker Arnoit of 
Glaseow, formerly much associated in botanical work with the late 
Sir Wm, Hooker, and of late very high authority upon Diatomor 
ceas. Being unable at present to prepare fitting biographical no- 
tices, we hope to do so at the close of the current year. a. o. 

6. Note on the Polymorphism of the Anthozoaj and the Structure 
of the TuhiporcB ; by A. Eolliksr. — The polymorphism of indi- 
viduals, BO remarkable among the Acalephse, has had nothing cor- 
responding to it among the other Coelenterata ; it is therefore a 
very unexpected discovery that M. Edlliker has lately made, of a 
true polymorphism in various genera of Anthozoa Alcyonaria. 
This polymorphism consists in the existence, besides the large in- 
dividuals capable of taking nourishment and furnished with gene- 
rative oi^ans, of other, smaller, asexual individuals, which appear 
essentially to preside over the introduction of sea-water into the 
organism, and then over its expulsion, and which are perhaps at 
the same time the seat of an excrementitial secretion. Like the 
others, these asexual individuals possess a body-cavity divided into 
chambers by eight septa, and a pyriform stomach witn two orifices. 
On the other hand they are entirely destitute of tentacles ; and in- 
stead of the eight ordinary mesenteric filaments there are only 
two, supported upon two consecutive septa. The cavity of the 
body of these individuals is always in communication with that of 
the sexual individuals ; but the mode in which this communication 
is effected is liable to vary with the genera. 

We may distinguish two types in the mode of distribution of the 
asexual individuiSs upon the polyparies. Li the first they are dis- 
tributed in great abundance over the whole polypigerous region of 
the polypary, among the sexual individuals, lliis is the case in 
certain Alcyonids which M. K5lliker refers to the genus Sarcophy- 
totij and also in Veretillum^ Lituaria^ Cavemnlaria^ and Sarcobe- 
lemnon. In the second case the asexual individuals are restricted 
to certain perfectly definite places, which, however, are variable 
according to the genera. Thus in certain species of Pteroeides they 
occur on the lower surface of the pennate leaves of the region serv- 
ing for attachment, in the form of a larger or smaller plate ; in 
other species of the same genus they are also found at the apex of 
the polypary ; in the Pennatuke the varicosities of the trunk cor- 
respond to the places where the asexual individuals are seated ; 
FunictUina quadrangularis shows them arranged in longitudinal 
rows between the sexual individuals ; lastly, the Virgularim always 
present behind each lamella, upon their trunk, a simple transverse 
row of asexual individuals. 

It is probable that all the Pennatulidae present a similar dimor- 
phism ; at least, in ReniUa we see, between the fully developed 
polyps, rudimentary bodies which seem to be individuals of a di£- 



274 Scientific InteUigemse. 

ferent form. On the other hand, with the sole exception of the 
senus Sarcophyton^ M. Eolliker has sought in vain for oimorphiffla 
in the Alcyonidse and Gorgonids. It must not be forgotten, how- 
ever, that there seem to exist some relations between the bads of 
the sexual and asexual individuals in the polvmorphic polyparies; 
for, in VeretiUum at least, the asexual individuals seem, onaer eeF 
tain conditions, capable of being transformed into sexual individ- 
uals. 

M. Kolliker has also been able to investi^te a polypary of TuM- 
pora^ still enveloped by the soft parts, obtamed fi^m uie Fiji archi- 
pelago. Notwitnstanding the great resemblance of the pofypariei 
of the Tuhtparce to those of the Madripores, the author considen 
that in their whole structure and development these polyps are 
Alcyonaria which must occupy a place by the side oi the geDW 
Clavularia. Both the tentacles and the body of the polyps of 
TkiMpora contain spicules. — Wurzburger Zeitung^ January 4, 1868; 
abstract by E. Claparede in JBibL Vhiv, February 15, 1868, B^dL 
Sci. p. 171.— i^ow* the Anti. Mag. Nat. Hist., IV, i, 327. 

7. A Guide to the study of Insects j and a Treatiae on ihom in^ 
riotis and beneficial to Crops, for the use of Colleges, FanuHMihools, 
and Agriculturists ; by A. S. Packard, Jr., M.D* With upwards 
of 500 engravings. Salem, 1868. Part I, June; II, Jufy, and 
other parts to appear for the present, monthly. — ^A work of resl 
scientific merit, combining an account of the structure of insects, 
with facts of practical and popular interest, and abundantly illue- 
ted, by one of the best entomologists of the country. 

IV. ASTBONOMT. 

1. Notice of 7iew Planets (98^, (99) and (101); by JaxxbC. 
Watsox, of the Observatory at Ann Arbor, Michigan. (Commu- 
nicated for this Journal.) — Planet (98) was discovered by Pro£ C. 
H. F. Peters at Clinton, N. Y., on the 18th of Api^, in the follow- 
ing place : 

Ham. ColL M. T. a S 

April 18, 11^ 46"* 13» 11^ 17"* 30'''89 -1** 38' 12"-7 

Planet (99) was discovered by M. Borelli at Marseilles on the 28th 
of May. His observation was : 

Marseilles M. T. a S 

May 28, lO** 26"* 51* 13^ 24"* 7"-92 —9"* 5' 49"-l 

The planet was then of the 13th magnitude. The notice of the 
discovery of (100) by me on July 11th has already been com- 
municated to your Journal. I have yet to add that 1 discovered 
Planet (101) on the 15th inst. The following places were obtained 
with difficulty through passing breaks in the clouds : 

Ann Arbor M. T. (101) a (101) 6 

1868. Aug. 15, 12** 7"* 38" 23^ 63°* 89«-61 — Q"* 48 89"-2 

15, 14 13 27 23 53 36 *43 48 24 *7 

15, 14 46 54 23 53 35 *68 48 20 D 

20, 13 13 66 23 50 30 -99 —0 37 38 "9 

The planet shines like a alar oi t^i^ \^\\i m^o^^tade^ 
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2. DiBcovery of another new Planet by Dr, Peters, — ^The TJtica 
Morning Herald contains the announcement, dated Ang. 24th, that 
Dr. C. H. F. PsTEBS discovered at the Observatory of Hamilton 
College, Clinton, N. Y., another new planet on Satorclay night, the 
position of which he verified on Monday nK>ming (the 24th). It 
18 in the constellation of Pisces, and had at 3 o'clock of that morn- 
ing 18^ 38' of right ascension, and 12^ 54' declination, movine 
slowly to the east. It is now eqaal to a star of about the eleventh 
magnitude. 

8. JBlementary Leesone in Aatronomy; by J. Nobxan Look- 
TEB. 348 pp. 16mo, with numerous illustrations. London. 1868. 
(Maomillan &» Co^. — ^Mr. Lockyer has prepared a very convenient 
and beaulifullv iUustrated work for instruction in the elements of 
astronomy, llie arrangement is different from usual, as the vol- 
ume opens with the fixed stars and the general system of the uni- 
verse, and afterwards takes up the special case of the solar system ; 
and in this it has some marked advantages. After chapters on the 
stars, sun, solar system, it takes up the apparent movements of the 
heavenly bodies ; measurements of time, etc.; telescopic and spec- 
tral observations ; determination of the apparent places of the 
heavenly bodies, and their real distances and dimensions ; univer- 
sal gravitation. The illustrations are in superior style. Tlie front- 
upiece contains the colored spectra of the sun, stars and nebulae. 
Tne beautiful steel plates, one of them a view of a lunar volcano, 
were furnished the author by W. de la Rue. 

4. Tables for the nmtucU conversion of Solar and Sidereal time ; 
by Edward Lano, F.RS.E. 326 pp. 12mo. Edinburgh, 1868. 
(Wnii Blackwood A Sons). — ^These tables will prove a great con- 
venience in astronomical computations. The values are given for 
each tenth second through the day ; and precision may thence be 
readily obtained to the nundredth part of a second. Moreover, 
tables for the values of each hundredth part up to ten seconds are 
prefixed, and still further to accommodate the astronomer, the values 
are given for each solar and sidereal day during the year. The type 
is large and clear, and the volume is handsomely printed. 

V KISCELLANEOUS SCIENTIFIC INTELLIGEKCE. 

1. Seventeenth Meeting of the American Association for the 
Advancement of Science, held in Chicago, Illinois^ Autptst 6-12, 
1868. — ^The Chicago meeting of the American Association, under 
the presidency of B. A. Gould, was in many respects one of the 
most satisfactory which has been held. The attendance was large, 
over two hundred members corning from a distance,while about as 
many more were added from Chicago and its vicinity. The list of 
papers entered exceeded one hund^d and fifty titles, covering a 
great variety of subjects in all departments of physical science 
and Natural History. If few new or startling discoveries were 
announced, the evidence offered of zealouaH^^Moessful labor in 
various fields of research was most MitilM|^^^^b» spirit of 1^^ 
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occasion was that of work and an earnest porpoee to adyantt 
science. But little vague or unmeaning discussion was toleraud 
or offered. 

A number of papers were entered touching more or less directly 
the question of the antiquity of the human race. Of these by fiur 
the most important was that of Prof. J. D. Whitney on the fossil lot 
man skull of Calaveras county, California. The evidence as to this 
alleged discovery has already been given substantially in this 
Journal, II, voL xliii, p. 265, and on this point nothing of importanoe 
was added. The skull was found it is alleged, (on the evidence of 
the miner who owns the 'claim' and who says he himself threw it 
out,) in a shall sunk in the auriferous gravel of Bald Mountain, not 
far from Angels Camp in Calaveras Co., CaL in Sept. 1866, it a 
depth of about 130 feet and beneath several beds of volcanic mat- 
ter interstratified with auriferous gold. Its true character was not 
recognized at the time it was thrown out, a nearly shapeless mass 
from the agglutination of calcareous matter and gravel impacted 
especially at the base of the skull. As soon as its true nature was 
seen it became the object of attention, and was, by Mr. Mattesoniti 
discoverer, placed with Dr. Jones of Murphv's, who is well known 
in that district as a zealous collector of ull things rare and 
curious. Thb collector soon conmiunicated it to the office of the 
Geological Survey. This story has been reported to sevend persons 
by the original discoverer witli essentially the same details. The 
shafl meantime was filled with water almost immediately after the 
skull was thrown out, and has never since been pumped out or ex- 
humed, and stands to-day as it was at the date of the alleged dis- 
covery. 

Tlie important point in Prof. Whitney's conmiunication of these 
facts at Chicago was the statement of the results obtained bv Dr. 
Jeffries Wyman, of Cambridge in the critical examination of this 
skull. On clearing away the mass of calcareous tufa which filled 
the cavity of the zygomatic arch, there were taken out two melt- 
tarsal bones, the lower end of a left fibula, part of the ulna end of 
a sternum bone, all of which may have belonged to the same skele- 
ton with the skull ; also a fragment of a human tibia too small for 
this skeleton, and a shell of itelix mormonetisis* There was also 
associated with them a piece of shell fashioned to a flat disc and 
bored at the center, and a fragment of charcoaL 

The gravel was also cleared away from the base of the skull, and 
the lower jaw isolated and cleaned. The skull had been fractured 
by violence, with the loss of the left frontal and posterior porti<ML 
The teeth and alveolar processes indicated it to belong to an old pe^ 
son. The frontal region was large; but whether the skull wtf 
long or broad is not certain. The orbits of the eyes were unsym- 
metrical, due, as was believed, to the absorption of the alveolar 
processes of the left jaw producing a depression on that side. 
These are, substantially, the main points of the case as it no*" 
stands. The geological horizon to which it is referable, should it 

* H. MormoncMU ig a B^^QciQ& of Helix now living in Oalaveras county. 
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im oat, as the anthore believe it will, that the aknll was a gennine 
find " in the place alleged. Is stated bj Whitney to be Pliocene 
r Post-pliocene. 

In this connection Pro£ Silliman exhibited to the ABsociation 
ae of four molar teeth of Mastodon foand in the same, or nearly 
le same, ecological horizon as the alleged Calareras skull. These 
ieth, of the ongin and position of which there is no doubt, nre the 
une mentioned in an article in this Journal by Prof S, for Slay 
Mt (vol, zIt, p. 378.) They carry the Mastodon down to a lower 
orizon than has before been assigned to this mammal in California. 
: has been the belief hitherto Diat the great catastrophe of the 
olcantc ontpourings which buried the Table mountains of Cala- 
sras and Taolomne counties in California had extingaished all the 
reezisting races, and that the Mastodon had never been certainly 
iscovered below that horizon. This view is no longer tenable, 
ad the Mastodon is here conclusively shown to reach quite to the 
ase of the deep-lying gold placers; and if the Calaveras sknll 
:ands the test of subsequent investigation man was his companion 
1 these early days. 

Prof. W. P. Blake, in the same connection, exhibited drawings 
r stone implements, and stated facts of their alleged coex- 
tence with fragments of human crania in the deep>lying gold 
lacers. All Pro£ Blake's statements were based on specimens 
ad information obtained from Dr. Snell, of Sonora in California, 
ho imparted them to Pro£ B., who had not in person obtained 
lem. Here again we lack the evidence so essential to establish 
oqaestionable antbeuticity. 

Among the evening proceedings should be specially noticed the 
.ddress of Pres. F. A. P. Barnard, the presiding officer at the 
ufialo meeting, which, owing to the absence of the author in 
aris last year, was not delivered at Burlington in due course, and 
as consequently given on the evening of the opening at Chicago. 
; was characterized by that encyclopedic comprehensiveness and 
iterest which have rendered Dr. Barnard's addresses so favorably 

The eulogy on Alexander Dallas Bache, by the President, Dr. 
. A. Gould, was delivered on the evening of Aug. flth, at Librar- 
tall, and was worthy of the reputation of ib author. It was a a ' 
ibute to the life and services of the lamented sdentist, w' 



lan any man of his time in the ITnltcd States, combi 
onderinl administrative ability the hiijheMt scientific atti 
id whose name and memory are diorished by all who 
lience, whether in America or abroad. 
To the labor of the Local Committee at Chicago, the ___^ 
on is indebted for the enjoyment of an occasion which will bej 
imembered with delight by all those had the privilege of partii. 
' the all but universal hospitalities, which left no moment (rf' 
iy or evening unemployed by the mo^t agreeable social and in_ 
ctnal pleasures. Not content with providing for the persoi 
imfort and entertunmeot of tbcdr nomerona guests ytbiia vW 
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the walls of this wonderful city of the northwest, the Commi- 
tee arranged for a number of excursions, after the adjoomment, to 
various, and even very distant points of scientific interest^ — to tbe 
coal-fields of Illinois — ^the lead mines of Gkdena and Dubuque— the 
copper regions of Lake Superior, and, more than all, to theBookr 
mountains and the present terminus of the great Paioific Railroad, 
not less than 1,260 miles from Chicago, on the path to San Fwt 
Cisco. Return tickets were also provided for all who had to piai 
over most of the long routes of 1,000 miles to the Atlantia Sorely 
the members of the American Association for the Adyanoement <n 
Science, and their ladies who were so fortunate as to aooampany 
them, have good occasion to remember with pleasure the more 
than princely entertainment and magnificent hospitalities of Ghi- 
oago. 

The next meeting of the Association will be held in the dty of 
Salem, Massachusetts, commencing August 18, 1869, under the 
Presidency of CoL J. W. Foster, of Ghicaga & a. 

The following is a list of the papers read at the meeting : 

1. Ik Gbnbbal Session. 

1. On the Application of Electricity to the Mainteninoe of the 'Vibrations of 
the Tuning-fork; and of the Tuning-fork to the Exdtement of Yibntioiii in 
Cords and Threads ; Joseph LovxiaNO. 

2. Steam Boilers and the various Causes assigned for their Baqfilosiaiis, iBnf- 
trated by Facts, Drawings and Experiments; Joseph A. Kjluol 

3. On the Artistic Evidence of the Remote Colonization of the North- Westen 
or American Continent by Maritime People of Distinct Nationalitiea before the 
Modem Era; J. H. Gibbon. 

4. Vestiges of Pre-historic Races in California: W. P. Blaul 
6. Tlio Antiquity of Man in North America; J. W. Foster. 

6. The Fossil Human Skull of Calaveras County, California ; J. D. Whiixit. 

2. Ik Section A. 
Mathematics^ Physics^ and Chemistry. 

1. On the Theory of Luminous Hydrocarbon Flames; Euokvb W. Hilojjux 

2. The Statics of the Four Types of Modem Chemistry, with Spedal Begnd to 

the Water Type g [ ; Gustavus EDiraicns. 

3. A New and General Law, determining the Atomic Volume and B<nling Pont 
of a great number of Carbon Compounds ; Gustavus Hiniuohs. 

4. The Calculation of the Crystalline Form of the Anhydrous Carbonatae, Ni- 
trates, Sulphates, Perchlorates, Permanganates, and other Salts of the Compofli* 
tion AB3C, or AB^C; Gustavus Hinrichs. 

6. A New Physio-Geographical Explanation of the Tides, eta ; Thbodobi GL 

HlLGARD. 

6. Some Experiments on the Influence of the Physical Condition upon the Ffer 
sonal Equation, in Transit Observations ; W. A. RooEsa 

7. A New Formula for the Reduction of Observations in the Prime Vertioal, 
analogous to the Formula for the Reduction of Meridian Observations; W.i. 
Rogers. 

8. On the Chemieo-Geological Relatdons of the Metals; T. S. Hunt. 

9. Influence of the Moon upon the Weather; Eliab Loomib. 

10. The Recent Contributions of Science to the Arts of Dyeing and FriatiDg 
Woollen Tissues ; John L. Hates. 

11. Meteorolites from Mexico and Poland; Louis FBUOHTWA^rexB. 
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12. On the Combining Power of the Chemical Elements; S. D. Tillman. 

13. Farther Notice of Experiments on 8now and Ice at a Temperature below 

32^ F.; EdWAHD HUNOIEBFOBD. 

14. On Hansen's Theory of the Physical Constitution of the Moon; Simon 

NSWOOMB. 

16. Besnsdtation of the Cincinnati Observatory ; Cleveland Abbe. 

16. The Source of Free Hydrochloric Acid in the Gk»tric Juice ; E. N. H0B8- 

VOBD. 

17. Belations of the Metamorphoses of the Phosphates to Waste and Repair ; 

E. N. HOBSFORD. 

18. Economy in the Conversion of Beef into Food; E. N. Hobsfobd. 

19. Phosphoric Add a Constituent of Butter; E. N. Hobsfobd. 

20. Source of Muscular Power: E. N. Hobsfobd. 

21. Fluorine a Constituent of tne Brain; E. N. Hobsfobd. 

22. The Hot Term of July, 1868; 0. N. Stoddabd. 

23. The Principles of Statistics as applied to the Census; F. B. Hough. 

24. Bemarks on the Galvanic Battery ; O. W. Hough. 

26. On a proposed new Mechanism for the study of Galvanic Batteries ; G. W. 
HoueH. 

26. Bemarks on the total Disturbance of the Barometrical Column ; G. W. 
Houoh. 

27. On the Mathematical Investigations made for the Construction of the Illi- 
nois and St Louis Bridge; William Chauyenet. 

28. On a Method of Measuring very Small Bectilinear Motions ; William 
Chauyenet. 

29. On the Laws of Ocean Currents ; J. S. Gbdces. 

30. Hou^^s Barometrograph as applied to the Investigation of the Storm 
Curve; J. H. Coffin. 

31. The Profiles of Blast Furnaces; Thomas Eoleston. 

32. The Nature of Electric Discharge ; 0. N. Stoddabd. 

33. On the Evaporative Power of the Sun near the Base of the Sierra Nevada, 
in Calaveras County, California; Benjamin Silliman. 

34. On the Belation Between the Atomic Value of Different Metals, and their 
Paramagnetic and Diamagnetic Properties; P. H Yandeb Wetdb. 

35. (hi the Molecular Arrangement of the Inorganic Acids ; Geobqe F. Babkbb. 

36. Theory of the Prediction of Star Places ; T. H. Saffobd. 

37. Remarks on the Secular Variations of the Eccentricities and Perihelia of 
the Eight Principal Planets j J. N. Stooewell. 

38. Description and Apphcation of the HeUostat, and Method of Running True 
Meridian Lines in Surveying; Miohael W. MoDebmott. 

39. l^des in Lakes; H. A. Newton. 

40. On the Tides of Lake Michigan; W. Febbel. 

41. Notes on the Defects of Lightning Rods ; James Bushee. 

42. Some New Facts and Views concerning Aluminum ; Henbt Wubtz. 

43. The Application of Carbonic Acid Gas, in the Extinguishment of Fire ; E. 
L. Buttbiok. 

44. Atomic Motion; H. F. Walling. 

46. The Higher Law of Correlation; 0. N. Stoddabd. 

46. The Periodic Law in the Failure of ECarvests and Inundations, with sug- 
g^estions as to their Insurance ; Geoboe A. Leakin. 

47. On Methods of Amalgamation in the Treatment of Gold Ores ; Benjamin 
Silliman. 

48. On Redemption Periods of Monetary Values which involve Life Contin- 
gencies; E. B. Elliott. 

49. On the Metrical Unification of International Coinage ; E. B. Elliott. 

50. Exhibition of a New Selenograph ; Jebome Allen. 

61. On a New Method of iCeasurement Map Drawing for Schools; Jebome 
Allen. 

62. Note on Epitrochoidal Teeth ; Willllm Watson. 
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3. In Sectiox B. 

Geology and Natiiralllistory, 

1. On the GonuB of extinct Sea-Saurians, EUumoaaurua; Edward D. Cope. 

2. Phases of Glacial Action in Maino at the Close of the Drift Period ; N. T. 
Tbue. 

3. Bibliography of Entomology in the United States and Canada, since 1862 ; 
John G. Morri& 

4. On the Leaves of Coniferous Plants ; Thomas Meshan. 

6. On the Geology of the Mississippi Delta, and the Salt Deposit of Petite 
Anse; Eugene W. Hiloard. 

6. Effects of Atmospheric Changes on the Eruptions of the great Geyser of 
Iceland; P. A. Chadboubne. 

7. On the Boulder Field in Cedar County, Iowa; Rush Ehbrt. 

8. On the Upper Silurian and Devonian Rocks of Ontario; T. S. HuvT. 

9. On Gold in the Laiirentian Rocks of Canada ; T. S. Huxr. 

10. On the Gold Region of Nova Scotia; T. S. HuxT. 

11. Origin of Prairies; J. W. Foster. 

12. Exhibition of the Crania of Bootherium albd Castoroides, with Remaiks on 
their G^logical Position and their Living Analogues ; J. W. Foster. 

13. On the Stratigraphical Relations of the Fossil Horse in the United Stitis; 
Charles WHrrrLESET. 

14. Brief Kemarkson the Botany, Meteorology, and Greology of Mount ICani- 
fleld, Vermont; James Hyatt. 

16. The Habitable Features of the North American Continental Platen new 
the Line of 36° Parallel North Latitude ; containing a General Sunimaxj of 
Conclusions derived ttom a Review of its Aboriginal Population and Nalmal 
Features ; C. C. Paret. 

16. Description of a New Species of Protichnites from the Potsdam Sani^f*^*"* 
of New York ; 0. C. Marsh. 

17. Notice of some now Vertebrate remains fVom the Tertiary of New Jerser; 
0. C. Marsh. 

18. On the preservation of color in fossils fVom Paleozoic formations; 0. G. 
Marsh. 

19. Tho progress and present condition of the Geological Survey of CUifonita; 
J. D. Whitney. 

20. The Yosomito Valley; J. D. "Whitney. 

21. Some points In tiie Surface Geology of the western side of the American 
Continent; J. D. Whitney. 

22. The Quebec Group in Northern Now Hampshire ; C. H. Hitchcock. 
2 . The supposed Triassic Foot-marks in Kansas ; C. H. Hitchcock. 

2i. On the Geological age and equivalents of the Marshall Group; A-ITdi- 
cuell. 

25. Experiment illustrating the Flow of Glaciers; Edward Huxgerfosd 

26. On tlie Plasticity of rocks, and origin of tho Structure of tho so-called Grave 
Stone Slates of California; W. P. Blake. 

27. On tho gradual Desiccation of the western portion of North America; V. 
P. Blake. 

28. On tho Physical Geography of the Continent of North America during the 
different Geological Periods / J. S. Newberry. 

29. On two now fossil trees, the oldest known, found by Rev. H. Herzer, intiw 
Devonian rocks of Ohio ; J. S. Newberry. 

30. On tho surface geology of the Basin of the Great Lakes and the Upper 
Mississippi Valley; J. S. Newberry. 

31. Fuel Resources of Illinois; A. H. Worthen. 

32. Fossil Fishes, Insects, Crustacea, etc., of the Coal Measures of Grundy Co^ 
Illinois; A. II. Wortiien. 

33. Geological section of Ohio ; E. B. Andrews. 

34. Anatomical distinction of vegetable structure rectified, followed by the cir- 
cuit of generation of fresh water Alga) ; T. C. Hilgard. 
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35. The vertebral type of the oranium a Quinary one ; T. C. Hilqabd. 

36. On ElasmogntUhua and its relations to the Tapiridas generally ; Theodore 
Gill. 

37. Sketch of the Topography, Geology and Antiquities of tiie Caucasus; F. 
Ton Eoschkxtll. 

38. Superficial geology of the lake shore near Chicago ; J. S. Jewell. 

39. On ^e occurrence of the Mastodon in the deep-lying gold placers of Cfli- 
fomia; Benjamin SiLLiifAN. 

40. On the old lake beds of the Prairie region; S. J. Wallace. 

41. On the formation of shells and Belemnites, and Phosphates of Iron at Mul- 
Ika Hill, Gloucester County, N. J. ; A. B. Enostbom. 

42. On certain physical features of the Mississippi River; G. K. Warben. 

43. The Darwinian theory of Development ; Charles Moran. 

44. On the Interpretation of Fossils; B. Waterhgusb Hawkins. 

The titles of 49 other papers were handed to the Standing Com- 
mittee, bnt for want of^time, a few of them only were read by 
title, and most of them not at alL This makes the whole number 
of papers presented at the meeting, 151. 

2. On the faXL of Hain^ as aficted by the Moon;* by Pliny 
Eable Chase. — The discussion of the Moon's influence on the 
weather has been recently revived by European meteorologists, and 
an article by Gteorge Dines, Esq., in the Proceedings of the Meteo- 
rological Society, No. 36, contains some valuable tables, which 
seem to me worthy of special*attention. Mr. Dines was entrusted 
with the Journal of Miss Caroline Molesworth, of Cobham Lodge, 
Surrey, from which he was " enabled to extract the rain which fell 
daring each day of the moon's age, for a period extending (with 
few interruptions) over forty years." From these extracts he has 
condensed synopses for five years, ten years, twenty years, and 
forty years, arranged according to the several days of the moot's 
age, with two subordinate tables, one of which contains '^ groups 
oi three or four days preceding and following each change of the 
moon," the other gives the proportionate amounts of ram in the 
successive quarters of the lunar month. There are also statements 
of the number of days on which "01 inches or more of rain fell, 
and of the number of days on which '25 inches or more fell, during 
the entire period. These summaries, as well as the data on which 
they are based, lead the author to the " decided opinion that the fall 
of rain is in no way influenced by the changes of the moon^ or by 
the moon^s age?^ 

The influence of the moon on the ocean tides, on the fluctuations 
of the barometer and magnetic needle, and on the winds, (see 
Glaisher's Tables, Proa Met. Soc., No. 80), is so well known that 
the inference of a similar influence on the rainfall seems almost 
irresistible. I was therefore naturally startled at Mr. Dine's con- 
clusion, and as his evident impartiality forbade any doubts of the 
suicuracy of his results, I was led to examine into the correctness 
of his method. The observations cover a period of a little more 
than two Metonic cycles, and by the tabular arrangement the ef- 
fects of the revolution of the moon's nodes, as well as those of va- 

* From the Proceedings of the American Philosophical Societj, June 19, 1868. 
Am. Joan. Scl-^Sbgond Sbbiss, Vol. XLVI, Na 187.— Sept., 186S. 

19 
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rying latitude and declination, are almost entirely eliminated.* Hie 
Btation is in a high northern latitude, and witmn the influence of 
the Gulf Stream, therefore the lunar modifications of the climate^ 
especially when those modifications are estimated merely firom thdr 
equatorial means, are comparatively unimportant ; the four lunar 
quarters, each embracing an entire interval between a spring and 
a neap tide, are precisely the divisions which, when the period are 
sufiiciently extended, would eliminate most of the remaining evi- 
dences of lunar disturbance. Still, if we examine the halfcydn, 
or ten-year periods, we may observe that the half-montha of lunar 
conjunction present a rainfall alternately greater and less than the 
half-months of opposition, a fact which suggests a possible depend- 
ence on the alternately predominating north and south latituda 

It is impossible, from the tables, to determine the extent of such 
a dependence. Mr. Dines, who has the necessary materiab at his 
command, may perhaps deem the subject worthy of farther inves- 
tigation. The division of the month may be easily altered so as 
to correspond more nearly with the times of presumable nutTinrnm 
and minimum disturbance. If we reeard the day of each diange 
of phase as the middle dav of a week, (counting the half-sum of 
the 5th and 12th days in tne first quarter, and the half-sum (tf the 
20th and 27th days in the third quafter), the seven days* aggre- 
gates in Table 1, and in the two smnmaries on pp. 186-7 (foe eit), 
will furnish the following results : 



AffgregatM of Tabalar B&tlos and Num- 
ber of Bainjr Dajn. 



1825 to 1829, 

1830 to 1834, 

1835 to 1839, 

1840 to 1844, 

1845 to 1849, 

1850 to 1864, 

1856 to 1869. 

18G0 to 1864, 

1825 to 1834, 

1835 to 1844 

1845 to 1854, 

1855 to 1864, 

1825 to 1844, 

1845 to 1864, 

1825 to 1864, 

•01 inch or more,., 
*25 inches or more. 



of 

I' 






770 
667 
598 
643 
830 
687 
607 
706 
716 
618 
765 
651 
667 
708 
687 

1490 
260 



606 
797 
800 
708 
726 
726 
722 
680 
698 
753 
724 
701 
726 
714 
721 

1484 
268 



•MS 
^1 



679 
599 
668 
760 
602 
614 
728 
679 
638 
771 
608 
702 
704 
656 
681 

1446 
250 



h 



766 
731 
617 
662 
627 
810 
786 
754 
750 
639 
711 
744 
693 
729 
709 

1511 
272 






1449 
1266 
1266 
1403 
1432 
1301 
1236 
1386 
1364 
1389 
1373 
1363 
1371 
1364 
1368 

2936 
610 



II 



o9i 

I'll 



1372 
1628 
1417 
1370 
1353 
1636 
1467 
1434 
1448 
1392 
1436 
1446 
1419 
1443 
1430 

2995 
640 



* Lubbock found a barometric elevation of nearly '1 inch for 17® increase of 
declination. PhU, Trails.^ 1841, p. 73. He appears to have been led to the inres- 
tifration by Howard's remarks "on a cycle of eighteen years in the mean annual 
height of the barometer in the climate of London." Clim, of London^ 2d ed, t. 
i, p." 172; PhU. Trans., 1841, p. 277, seq. See also Zenger*a discussion of the 
mean annual temperature, as affected by the revolution of the moon's nodes and 
apsides, FhH. Mag.^ v, 36, June, Ift^a. 
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It may thus be seen that, notwithstanding the complete veiling 
of aU the disturbances which may he due to the moorCs variable 
distance and declinationy there was a marked tendency to increase 
at quadrature a/nd to decrease at syzygy, both i7i the amount of 
rain and in the number of rainy days. This tendency, which be- 
comes evident even in the majority of the five years' groupings, is 
uniformly shown in all the groups of ten jears, twenty years, and 
forty years, as well as in the number of ramy days and in the num- 
ber oi heavy rains during the entire period. 

In a future communication I propose to discuss the observations 
at Pennsylvania Hospital, which demonstrate the existence of sim- 
ilar tides at Philadelphia. The forty years' aggregates (1826 to 
1864, inclusive, at each station) exhibit the following ratios of 
weekly rainfall : 

Sorrer- Philadelphia. 

Week of new mooiif 98*2 97-6 

" first quarter, 103-1 100-3 

" fWlmoon, 97-4 95-8 

" last quarter, 101-4 106-3 

The tide is so strongly marked at Mnssoorie, on the southern 
range of the Himalaya Mountains, as to be strikingly shown by 13 
years' observations (1854-1866) on the days of change. (See Mr. 
Hennessey's communication, Proc. Roy. Soc, v, 16, December 12, 
1867.) The mean results are, 

ATencedailjr fkll. Batioi. 

Day of new moon, -402 862 

" flrat quarter, -636 114-7 

" fVOlmoon, -399 85-6 

" last quarter, -629 113*6 

3. On a supposed connection between the amount of Rainfall 
and the changes of the Moon^ being an extract of a letter n*om 
J. H. N. Henkbsset, Esq., First Assistant on the Great Trigono- 
metrical Survey of India, to General Sabine, R.A., Pres. K.S., 
(Proc. Roy. Soc., xvi, 218.) — ^Allow me now to say a few words in 
connection with the inclosed paper. There appears to prevail a 
belief, more or less popular, to the effect that more ram falls at 
** the changes of the moon " than on the intermediate days of a 
lunation. As I happened to possess a record of the rainfall at the 
office of the Supenntendent of the Great Trigonometrical Survey 
of Mussoorie, extending over thirteen consecutive years, I obtained 
Colonel Walker's permission to make use of the Kegister, in con- 
nection with this popular belief 

The results tabulated have been obtained by employing an 
average daily i^Xi as the means for comparing the fall at ^Hhe 
changes'' with that at intermediate intervals. The method of 
calculation adopted is explained in the foot-note to the Table. 
The annual average result may be stated thus : — 

Inch. 

Ai " the changes " of the moon the mtan daily fall of rain is 0-406 

Between " the changes " of the moon the mean daily fall is 0*525 

which is in opposition to the popular belief on the subject. I in- 
close the Table, on the chance of its proving sufficiently mt^x^^^^XxsN^ 
to be noticed. 
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Average daily faUof ram between sueeearive quarter§ amd ai eadk quarter efAt 
moon from lei of May to 3lei of October of each year, meMored at the oAoe of 
the Superintendent of the Great Trigonometrical Soire^ of IndUL The oflk» 
stands in Mussoorie, on the most southern range of the ffimalaya Ifountttu. 
lat N. 30^ 28', long. E. of Greenwich 78^ 1': height abore mesi sea-M 
6500 feet 



Tmt 


Arcraae Daily fklL 


?Sie 


i)to« 


• 


• to» 


]) 


DtoO 


O 


Otof) 


i) 




inch. 


Inch. 


indi. 


inch. 


Inch. 


tneh. 


Inch. 


Inch. 


h>A^ 


1864.... 


•644 


•874 


•813 


•176 


•630 


•096 


•612 


'621 


100-72 


1865.... 


•466 


•204 


•360 


•918 


•311 


•356 


•763 


•733 


86^86 


1866.... 


•732 


•745 


•703 


•237 


•397 


•688 


•347 


•340 


93-38 


1857 


•280 


•319 


•794 


1013 


•621 


•136 


•368 


•606 


88-27 


1868 


•402 


•448 


•485 


•298 


•518 


•167 


•705 


•373 


84 61 


1869-.-. 


•665 


•263 


•253 


'642 


•306 


253 


•670 


•683 


7a-31 


I860.-.. 


•856 


•228 


•430 


•719 


'664 


•205 


•301 


•073 


65-81 


1861.... 


•686 


•678 


1^014 


•372 


1332 


•287 


•677 


•855 


J4116 


1862.... 


•611 


•620 


•513 


•651 


•364 


•852 


•646 


•630 


93-91 i 


1863 ,.. 


•848 


•342 


•862 


•932 


•611 


•696 


•291 


•646 


93^ 


1864.... 


•762 


•409 


•646 


•292 


•394 


•828 


•237 


•362 


8219 


1866 


'643 


•236 


■276 


•120 


•443 


•626 


•618 


•786 


7637 


1866.... 


•136 


•360 


-402 


•580 


•636 


•809 


•462 


-483 


8116 


Means of j 
columns ) 


•609 


•402 


•573 


•636 


•533 


•399 


•483 

1 


•629 


89-589 


Gteneral meAn i 


Df#D^<i^ --- 




. 0^466 


inch. 


Genera 


I mean < 


Df i) to 


•,• 


to D, 


D too 


, Oto 


i) ... 


. ©•626 


ti 



Note. — The rainfall during the preceding twenty-fonr hours was 
measured daily at mean noon. Suppose m,, iw^, wij, m^, m^, m^, 
mj^m^^ mg, to denote nine such consecutive measurements of daily 
rainfall, registered at Mussoorie mean noon, respectively on the 
1 st, 2d, . . . 0th of the month, and that the moon entered her 
first quarter at an hour nearer to noon of the 1st than to the pre- 
ceding or succeeding noons. In this case the arithmetical mean 
of m^ and m^ has been entered in column }> as the average daify 
fall at the first quarter. Similarly, if full moon occurred nearest 

to noon of the 8th, the quantity — — — - has been reckoned as the 



average daily fall at full moon ; and 



»y»3+yy^4+^&+^6+»»^ 



rep. 



resents the average daily fall/ro7M 3) to 0« The foregoing Table 
has been prepared under these conditions by Baboo Dwa»anath 
Dutt, Computer to the Great Trigonometrical Survey of India. 

4. On a neio Meteorite, — H. B. Geinitz has described a new 
meteorite, handed to him for examination in September last by 
Pastor Niimberger of Nobdeuitz, near SchmoUn, auchy of Alteo- 
bur^, who found it about a foot below the surface of the ground 
in digging a ditch near his dwelling. It was irregularly hexago- 
nal in shape, and appeared to be a portion of a much larger stone. 
In its longest diameter it measured 10*5 centimeters, in breadth 9 
centimeters, in thickness from 2-5 centimeters. Its surfieM^was 
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covered with the oharacteristio black, sometimes dark brown crust 
of ferric oxyd and hydrate, with here and there traces of tile ores 
and malacmte. The entire mass weighed 1*2194 kilograms; with 
the greatest difficulty it was broken mto fragments, the largest of 
which, weighing 076 grams, was, together with some smaller frag- 
ments, retamed by Pastor N. , a second piece, 163*75 grams in 
weight, was deposited in the Royal Museum in Dresden. The 
structure of this fragment is compact, it is divided only with diffi- 
culty, is sliehtlv malleable, strongly magnetic, and possesses a 
finely granuhir iracture, wUch when fresh, exhibits a light steel- 
^ray color. The hardness is from 6-6 ; gravity of the interior por- 
tion, 7*06, and of fragments with the crust, 6*76 and 6*8 (Fleck). 

The analysis was made bv Dr. Fleck. After removing a trace 
of insoluble residue, in which silica was recognized, the &sh inte- 
rior material affi^rded: 

Iron, 88-126 

Copper, 9*013 

Nickel, 1-340 

Tin, 1-321 

Cobalt and Chromium, traces. 

99-799 
— Ser. Soc. Isis zu l>resden^ Nov. 14, 1867. 

OBITUABY. 

I^ofeBsor MatteuecL — ^The Italian papers record the death of 
Professor Matteucei on Friday morning last, at Florence, after a 
short illness. The deceased was an Italian senator and Minister 
of Public Instruction, in which capacity he was very active in pro- 
moting the extension of education. But he was better known as 
a man of science than as a politician or a minister. He obtained, 
in 1844, the prizes of the French Academy of Sciences and the 
Copley Medal of the Royal Society for his investigations in elec- 
tro-physiology. His " Lectures on Physics " passed through four 
editions. He published also " A Manual of Telegraphy," " A 
Treatise on Electro-physiological Phenomena," " Elements of Elec- 
tricity as applied to the Arts," and " Lectures on the Physico- 
chemical Phenomena of Living Bodies," which has been translated 
into English and French. — Cfiemiccd News. 

VI. MXSOELLAKEOUB BIBLIOQRAPHT. 

1. Cambridge Physics : A Hand-booh of Natural Philosophy ; 
bv W« J. RoLFB and J. A. Gillbt, Teachers in the High School, 
(jambridge, Mass. Boston, 1868, (Wool worth, Ainsworth & Co.) 
— ^This is a School Text-book, based on the freshest authorities, 
clear of traditional rubbish, and presenting, as we judge from a 
cursory examination, more excellencies and fewer defects than any 
of the school philosophies in use. It consbts of two distinct works, 
ox parts, bound together: the first, the elements of Natui^X ?\£l- 
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losophy under the three heads, Pressure, Motion, and Machbes 
and Sources of Mechanical Power ; the second, Sound, I^ght, and 
Heat, with an appendix on Energy. Electricity and Magnetism 
are omitted, because embraced in another volume of the same se- 
ries on chemistry. 

Full explanations of difficult points are not to be expected in an 
elementary work; yet, if attempted at all, they shoula not, in our 
view, be so defective and inadequate as is that of the differenoe 
between Newton's theoretical and the observed velocity of sound, 
p. 8, part n. 

The book is well famished with illustrations, problems, ques- 
tions, and indexes. a & l. 

2. Braithwaite^s Retrospect of Practical Medicine and Surgery. 
PartLVI, January, 1868. New York. (W. A. Townsend ft Adams.) 

RanJcing^a Half' Yearly A hstract of the Medical Sciences. Vol 
XL VI, from July to December, 1867. Philadelphia. (Henry C. 
Lea). — ^These semi-annual digests of the current medical literature 
oi the world, reprinted from the London editions, come to us at ir- 
regular intrevals. The former contains a hundred and fourteen a^ 
tides, the latter, two hundred and sixty eight ; presenting in a small 
compass, and for a small price, an abstract of the most important 
papers published within the last six months, in the various depart- 
ments of the medical sciences. 

We know of but one valid objection to these publications, which 
have become so indispensable to the busy practitioner, — ^their con- 
tents are so valuable and complete, and conveniently arranged, that 
in many cases the temptation to depend entirely upon them, to the 
exclusion of a wider reading of medical authors, may not be suc- 
cessfully resisted. 

3. Archives du Musee TeyleTy vol. I, Fascicule 1, 2, 8, Harlem, 
1 866, 1867,1 868. Roy. 8vo. — The Archives of the Teyler Museum 
are issued by the Directors of the Teyler foundation, and are to 
appear from time to time as memoirs may be ready for publicatioa 
The papers in the three parts thus far issued, are elaborate, and 
pertain to questions in Physics and Chemistry ; the subjects are the 
following : On the determination of the lengths of the wave of the 
Solar Spectrum, by M. S. M. Van der Willigen ; On the refraction 
and dispersion of flint glass, by the same ; On the determination 
of the indices of refraction and on the dispersion of mixtures of 
sulphuric acid and water, by the same ; On a case of explosion by 
illuminating gas, by the same; On the indices of refraction of son^ 
saline solutions and two other liquids of feeble dispersion, by the 
same ; On the refraction of water, by the same. The Archives con- 
tain also a continuation of the catalogue of the library and of the 
museum. 

4. Th^ Ameriran Naturalist, Vol. 11, No. 6, July. A Sea-sidf 
9ntmber, Salem, Mass. — The midsummer number of this excellent 
magazine is very appropriately devoted exclusively to marine ZoSK 
ogy and Botany, which will make it a very usefiil and interestmg 
work for those who visit the sea-side summer resorts. It oontaim, 
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Sea-Weeds, by J. L. Russell ; A Stroll by the Sea-side, by E. S. 
Morse (illnstrated) ; Our Sea-Anemones, by A. E. Verrill ; Tjie Ma- 
rine Aouarium ; A few Sea-Worms, by A. S. Packard (illustrated) ; 
Good Books for the Sea-side ; Insects liyin^ in the Sea, by A. S. 
Packard (illnstrated) ; Directions for Collecting Marine Animals, 
eta 

6. JReliquicB AquitaniccB; being contributions to the Archaeolo- 
;y and Pal»ontology of Perigord and the ac^oining Provinces of 
mthem France, by E. Labtbt and H. Christy : edited by 
Thomas Rupert Jones. Part V. Pages 33-62, and 73-80. Plates 
A, XV, xviii, and Sketches of the Vezere, Nos. 1 and 2. London, 
April, 1868. (H. Bailli^re). — ^This new part, like the preceding, con- 
tams numerous excellent figures of nint arrow heads, chippings, 
etc., besides a page of cuts representing North American Imple- 
ments of stone, metal and bone, for comparison with the more an- 
cient implements of Europe. 

6. A treatise on concentration of all kinds of ores^ indttding 
the chlortnation process for gold-bearing sidphurets^ arseniurets^ 
and gold and silver ores generally: by Guido Kustel, Mining En- 
gineer and Metallurgist, author of " !N evada and California Pro- 
cesses of Silver and Gold Extraction. '^ 260 pn. 8vo, with 120 Dia- 
grams on 7 plates. San Francisco, 1868. (Office of the Mining 
and Scientific Press.) We defer a notice of this important work 
to another number. 

7. Catalogue de Minhaux^ Roches^ FossileSy Modeles en Platre 
et ModUes en JSois des cristaux i vendre dans le ComjHoir Mine- 
rcdogique HhSnan^ {k Bonn) du Auguste Kbantz, Dr. der ScL ix 
ed., 1868. — ^A new edition of Dr. Krantz's Catalogue, showing ex- 
tensive collections of minerals, rocks, fossils, casts, etc., the largest 
in fact in the world, and also very reasonable charges. 

Proceedings of the American Association for the advancement of Science, 16th 
meeting, held at Burlington, Vermont, Ang. 1867. 1*78 pp. 8vo. Cambridge. 
1868. Published by Joseph Levering, Permanent Secretary. 

A system of instruction in the practical use of the Blowpipe. 2nd ed., with an 
iq>pendiz and index, by Q-. W. Plympton, A.M. 288 pp. 12mo. New York : (D. 
Tan Nostrand.) 

Discussion of the West India Cyclone of Oct 29, 30, 186*7. Prepared by order 
of Commodore B. P. Sands, U. S. N., Superintendent U. S. N. Observatory, by J. 
R. Eastman, Prof. Math., IT. S. N. 18 pp. with a map. 8vo, Washington, 1868. 

A Dictionary of Chemistry, and the aUied branches of other sciences, by Henry 
Watts, B.A., voL v, completing the work. London, 1868 : (Longmans). 

Elemente der Mineralogpe von Dr. Carl Friedrich Naumann, Prov. Univ. Leipzig, 
etc, 7th ed., 1st part with numerous illustrations. Leipzig, (W. Eng^lman). 

Lehrbuch der physikalischen Mineralogie, von Dr. A. ^hrauf. voL 2nd, 426 pp. 
Svo, with numerous illustrations. Vienna, 1868 : (W. Braumiiller). 

Atlas of charts of the Meteor tracks contained in the British Association Cata- 
logue of observations of Luminous Meteors, extending over the years 1846 to 
1846; showing the principal dates of apparition, the limits of duration, the posi- 
tions of the radiant points, the distinctive appellations (by Heis and Oreg), and the 
spedflc appearances of the meteors of all the general and special meteoric show- 
ers hitherto observed in the nortiiem hemisphere throughout the year. Prepared 
for the Luminous Meteor Committee of the British Association by R. P. Greg 
and A. S. Herschel. 23 plates, folio, 186*7. 

Report of the Astronomer Royal to the Board of Visitors of the Royal Obser- 
Tatory, Greenwich, June 6, 1868. 
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Catalogo degli Uranatmi (ossia stille Cadenti) ftc^ catalogue of ahootiBg Btan 
observed at Rome in the years 1861-1867 by Madame Cf^zina ScarpelBiii i^ 
16 pp. Rome, 1868. 

Yierteljahrechrift der Astronomischen GeseHscbaft, I and II, Jahigang, 99. 1866 
and 1868. Leipzig, (VV. Engelmann.) 

FubliccUionen der Astronomidchen OeseOachaft, I— VI, VOL 4. 1866—1868; 
brosch. 

I. HtilfBtafeln zur Berechnmig specieller Scorongen, enthaltend die reditwink- 
ligen Ekliptical-Coordinaten imd die vom Orte des gestdrten Korpera unabhingi- 
gen Theile der storenden Krafte fur die Planeten Venus, Erde, Mara, Jupiter, 
SatuFD, Uranus und Neptun yon 1830-18&i. 1866. 

II. Lesser, Dr. Otto, Tafelnder Metis, mitBerucksicbtignngderStdnmgendnrdi 
Jupiter und Saturn. 1866. 

III. Weiler, Dr. A., iiber das Problem der drei Korper in Allgemeinen und ins 
Besondere in seiner Anwendnng auf die Theorie des Mondes. 1866. 

IV. Hoiiel, Dr. G. J., Tables pour la reduction du temps en parties d^dmalss 
du jour. 1866. 

V. Auwers, Arth., Reduction der Beobachtungen der Fundamentalsteme am 
Passageinstrument der Stomwarte zu Palermo in den Jahren 1803-1806 und Bes- 
timmung der mittleren Rectascensionen fur 1806. 1866. 

VI. Rechtwiukelige und Polarcoordinaten des Jupiter ^nadi Bourard^fl Tafefai), 
sowie Componenten der storenden Erafte, mit denen Jupiter auf die Sonne wiikt 
von 1770—1830. 1866. 

VIII. Schjellerup, Genaherte Oerter der Fixsteme von welchen in den astro- 
nomischen Nachrichten Band 1 — 66 sclbstandige Beobachtungen angefbhrt sind 
fiir die Epoche 1865 hergeleitet und nach den geiuden Aufbteigungen geordnet 
1867. 

Travauz Publics et constructions civiles ; Rapports du Jury intematioBal rennis 
par ordre de son Excellence M. de Forcade la Roquette. Ministre de ragricnltoie^ 
du commerce et des Travauz publics. 458 pp. 8vo. Paris, 1868. 

Pboceedinqs Boston Soo. Nat. Hist., vol. xil — Page 1, Report of the Custo- 
dian, additions to the Library and Museum, Trustees accounts. On page 75 the 
officers for the ensuing year are stated as follows ; President, Jeffries Wtiu5; 
Vice Presidents, 0. T. Jackson, T. T. BouTi ; Corresponding Secretary, Samuel L 
Abbot; Recording Secretary, S. H. Scudder; Treasurer, Edward Pickering; 
Librarian and Custodian, S. H. Scudder. Page 77, further enumeration of New 
England Fungi ; C. C. Frost of Brattleboro, Vt. 

TiiANS. AoAD. Soi. St. Louis, vol. II. — ^Page 459, North American Species of 
Juncus (continued) ; Engelmann. — p. 499, Account of ihe passage through the 
great Canon of the Colorado, by Mr. James White, in 1867, with Gredogical Notes; 
Parry. — ^p. 504, Age of the Porphyry Hills of southeast Missouri; Harriaon, — ^p. 
507, Mr. Meek's notes on his preliminary Report of the Greology of Kansas; 
SwiUlow. — p. 526, Yearly report of Atmospheric electricity, temperature, and hu- 
midity for 1867 ; Wislizenus. — p. 532, On the character of the persistent snow ac- 
cumulations in the Rocky Mountains, and certain features of the Alpine Flora ; 
Parry. — ^p. 557, Analysis of the Rock Salt of Louisiana; Sander. — p. 661, Obser- 
vations of Meteoric Showers ; I/ayes. — p. 562, On the dyas in Nebraska, (trans- 
lation by N. Holmes) ; Marcou. — ^p. 565, Remarks on the Loess and Drift of Mis- 
souri and Illinois, and upon the Big Mound at St. Louis ; Holmes. 

Transactions op the American Entomolooical Society, Vol. II, No. 1.— 
Page 1, Catalogue of a collection of Hymenoptera from Mexico; E. T. Cresson. 
— ^p. 49, New Coleoptera collected between Kansas and Fort Craig, New Mexico, 
J. L. LeConie. — p, 67, Notes on the N. A. Lepidoptera in the British Museum, and 
described by Mr. Francis Walker; A. B. Grote and C. T. Robinson.—^. 89, List 
of the Ichneumonidse of North America, with descriptions of new species ; E. T. 
Creason. 

Proceedings Essex Inst., Vol. v. No. vii. — Page 233, Flora of the Hawaiian 
Islands; H. Mann. — ^p. 249, Catalogue of the Birds contained in the Museum of 
the Essex lustitute; EUioi Coues. Naturalist's Directory, Part 11, North Ameri- 
ca and the West Indes; Pages 57-64; Mollusks concluded, Radiates, Protosoans, 
Parasites, and additional names in the departments already reviewed. 
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Art. XXVIII. — On the molecular structure of Uric Acid and 
its derivatives; by Woloott Gibbs^ M.D.^ Bumford Pro- 
fessor in Harvard University. 

In the following memoir I shall endeavor to show that uric 
acid and its derivatives are members of series the limiting 
terms of which are on the one side polymeric forms of cyanic 
acid, and on the other alcohols or the corresponding hydrocar- 
bons. I shall adopt with some slight modifications the nota- 
tion of Frankland, and shall throughout consider carbon as the 
principal determinant. 

To the molecule of free cyanic acid I give the formula 

N=€-Ho 

in which all the bonds are saturated. By metastasis ^ this 
f oijnula may become in combination 

N=:€-Ho, or N-.€-Ho, 

'. ' . ' ' 

and in combination I give the body, N€Ho, the name of 

cyanyl. If we replace the hydroxyl by hydrogen we have 

N=€-H 

which in the isolated state represents a molecule of cyanhydric 
acid, and which by metastasis gives 

N=€-.H, and lSr-€-H. 
II 11 

* I venture to introduce this term to indicate a change or transposition of the 
units of combining power. 
Am. Joob. Sci.— Sscond Skries, Vol. XLVI, No. ISa— Nov., 186a 
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In a state of combination the body, N^H, may be termed 
pruBsyl. With these preliminaries it is easy to see that cyanyl 
and its derivatives must possess a remarkable aptitnde for the 
formation of polymeric bodies, since the first and last terms 
of any compoxmd may develop at least two free units of com- 
bining power. Thus dicyanic acid when free or saturated may be 

N=€-Ho or N-€-.Ho 

Nz=^-Ho i!r^€-Ho, 

but when combined may be 

N=€-Ho N-e-Ho N^€-Ho N-€-Ho 

II II I' I J II 

N-e-^IIo, N-€-Ho, N-.€-.Ho, N-€-Ho. 

II II ^1 I 

In like manner tricyanic or cyanuric acid has in the free state 
a molecular structure represented by the formula 

N=€-Ho 

N-.€-.Ho 

Nz=€-Ho. 
Here again we may have by metastasis either 

N-€— Ho or N=€-Ho 

N-.€-Ho N-.€-Ho 

N-.€-Ho N-€-Ho. 

II II 

From this it is easily seen that there is no limit, theoretically, 
to the poljrmeric forms of cyanyl. Of these cyamelid is doubt- 
less one of the highest as indicated by its remarkable fixedness. 
In the acids polymeric with cyanic acid cyanyl may be re- 
garded as the acidifying term. Its quantity therefore deter- 
mines the basicity of the acid, and its function is the same as 

I 

that of oxatyl, O— €— Ho, in organic acids not containing 

nitrogen. 

Taking cyanic acid, the lowest term in the series, as the 
starting point, I propose for urea the formula ^ 

N=z€-Ho 

H N=H2, 
which afibrds a better explanation both of the formation of 
urea from cyanic acid and ammonia, and of its decomposition 
into cyanic acid, biuret, cyanuric acid, &c., than the commonlv 

received view which makes urea carbamid N^ \ ^^^^ Upon 

this view biuret becomes 

* Since tho above was written I find that thia fonnula has been proposed br 
Wankljn and Gamgee. Journal of Chem. Society, vi, p. 31. !*««» 
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N=€-Ho 

Its formation from urea and relations to cyanic acid are thus 
clearly shown. No higher terms in this series are known, but 
we ought to obtain hereafter triuret, tetruret, &c., correspond- 
ing to tricj^anic, tetracyanic acids, &c., just as biuret corres- 
ponds to dicyanic acid. Thus triuret would be 

N=:€-Ho 

N-^-Ho 
N-.€-.Ho 

and might perhaps be formed by heating together one molecule 
of dicyanic acid, or two of cyanic acid, and one of urea. 

Guanidin and methyluratnin appear also to belong to the 
simple cyanic acid type, their formulas being taken respec- 
tively as 

NH=€=(NHa)a and N(€H3)=€=(NH2)2 
Guanidin. Methyluramin. 

Dicyanic acid upon my view forms the first or completely 
nitrogenized term of the following series : 

N=€-Ho Oz=:€-Ho e =€-Ho H2=:€-Ho Il2z=€-H 
li^=:^-Ho e=€-.Ho H2=€-Ho H2=€-«Ho H^zrie-H 

Dicyanic add. Oxalic acid. Glycolioadd. Glycol. Hydrocarbon. 

If we replace hydroxyl in dicyanic acid by hydrogen and its 
derivatives, we have the following possible compounds : 

Nz=€-Ho N=€-H e=:€-Ho e=€-H 

N=€-H ^=€-H e=€-H 0=€-H 

i Unknown. Unknown. Glyoxalic acid. Glyoxal. 

To these I may be permitted to add the following which, 
although, with the exception of glycocoU, not derivatives of uric 
acid, may be regarded as cognate bodies : 

NH =€-Ho N(€H3)=€-Ho NH =€-(€7Hje) 

H-=€-Ho Hj =e-Ho Il2=€- Ho 

GlycocoU. Sarkosin. llippuric acid. 

(NH)-€=NH (NH )-€=NHNH -€=NH NH -€=NH 
NH -€-Ho N(€H3)-€-Ho NH -€\^ N(€H3)-fX^ 

HgrO-Ho Ha =€-.Ho n^^^^ H, =€/ 

Glycocyamin. Kreatin. Glycocyamidin. Kreatinin. 

Tricyanic or cyanuric acid forms the first term of the follow- 
ing senes: 
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N=€-Ho 



N-€-NH. 



N=€-Ho N=€-Ho 

N-€-Ho l!T-€-Ho 

N=€-Ho lIr=^-NHa_ N=^-NH, 

Cyanuric acid. Melanorio acid. Ammelin. 

N=e-Ho N=€-(€H,)o N=€- Ho 

N_€!-Ho l5r-€-(€H,)o llf-€- Ho 

e-CrrO 4-€= e e-^=(Ho)a 

Parabanio acid. CholcBtrophane. Ozaluric acid. 

H H 



N=€-NH, 

N=€-NH, 
Mebunin. 

N=:€-- Ho 
!«■_€!- NH, 

e-€=(HoL 
Ozalaramid. 



N— €— Ho 



N=€-Ho 

i!r-€=Ho 
e— €=H„ 



e-€=NH N=€-Ho 



N-€-Ho 
ii=€!-Ho 



N-€-H 



Olycoluric acid. Lantannric acid. Fulminnric acid. Hydantoia 

Of these bodies melanuric acid^ ammelin and melamin yrm 
first derived from cyanuric acid by Kekuld* 



0=€~IIo 



e=€— IIo 
II— ^_Ho 



e =€-no NO— €— Ho 



e=€— iio 

Tartronic acid. 

e =:e-.Ho 



h;=€ 

e =€— Ho 

Malonio acid. 



II 

€— H 

I 



e=€-.Ho 

Nitrosomalonic adi 



H — e^Ho 
Il2=€— Ho 



H2=€— Ho 

I 



Il2=€-H 

I 



H -€-Ho II z=€-H 



0=€— Ho 

Mesozalic acid, 

NH.— €— IIo 

O =^— IIo .... 
Ainidomalonic acid. Glyceric acid. 

Tetracyanic acid, ^^N^II^O^, has not yet been obtained. I 
consider its existence as at least probable^ and take it as tk 
first term of the following series : 

II H 

N=€— IIo ]Srz=€-IIo X=:€-Ho N=:e— Ho N— €— Ho 



H2=€— Ho 
Glycerin. 



H2=€-^H 
HydrocarboBi 



I 



X— €-^IIo N-€-.IIo N— €— Ho N— €— Ho N— €-Ho 



N-€-IIo N— €— II 
II II 

X=€—iro N=:€-II 

Tetracyanic acid. Mycomolic acid. H H 

Allantoin. 



lls^_^_Ho ^— ^-H 

il k 

Glyooluril. 



N— €-H« 
iSr— €-Ho 

I'l I'l 

Hydaotoicaoil 



X=€-no N=€— Ho N=€— Ho N=€— Ho N=€-H»| 
X— ^— Ho N— ^— Ho -k—h—Ilo N— ^-H llf— €— H 



I I' 

Alloxan. 



4-€-H 



e— <3-Ho e_€— H 4-e-H 



e=€-H 



.-h^ 



H e— €-Br 



Dialuric acid. AUoxanic add. Barbituric acid. Bromol 



* liebiVraii^ V, '^ . %%%. 
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:€-Ho N=£J-Ho N=€— Ho N=£!-Ho ez=€— Ho 

-6-H ^-^-H i!r— c— H i!t— -^—Ho e— -6— Ho 

-^— Br ^-^— H ^— ^— H ^—h—U e— ^— Ho 

:-6— Br e=^— NHj e=^— NO e=-^— NO e=-^— Ko 

ombarbituric Uramil or Dialur- Dialuric add. Dilituilo add. DiozaJate of 

acid. amid potaasium. 

0=€— Ho Hj=€— Ho Ha=€-H 

H-^— Ho H -^-Ho H — ^— H 

H— fe— Ho H --^— Ho H — ^— H 

e=^— Ho H,=^— Ho Ha=^— H 
Tartaric acid. Erythrite. Hydrocarbon. 

i'rom the hypothetical pentocyanic acid we may derive the 
owing bodies : 

=€— Ho N=€— Ho N=€— NO N=€— Ho N=C— Ho 

-h-uo iJr— -fe— H lir— fe— Ho -k—h—Ro if— b— h 

-h~Ro lir— ^— H 1^-.-^!— Ho if— €— Ho if— -b— h 

-■e-Ho ]Jf-^— H i!r--fe— H if— ^— H if_^_H 

r^— Ho ilr=^-H l!r=4!-H 4— fc=Ha 4— ^=(Ho), 
tacyanic add. Guanin. Urooyanio add.* XJrozanic add. Paeudo-uilc add. 

=€— U N =£J— Ho lf=€— Ho N— £J— H 

-4— H i!f_4— H :^— 4— Ho i!r— 4— H 

— 4— H iir --fc— H }!r— -4— Ho if — ■^— h 

--6— H (^h)— fc— H if— -b if— b)- H 

-4=e H— ^=(€!H,)j, ^<fe-H ^-^=0 

anthin. Caffeidin. Uric acid. Hypoxanthin. 

e=£J— Ho Ha=€-Ho Hjrs^— H 

H— ^— Ho H — ^— Ho H -4— H 

H-4— Ho H —4— Ho H -^— H 

H— 4-Ho H —4— Ho H -4— H 

e=^-Ho Ha=^— Ho Ha=4— H 
Aposorbic acid. Unknown alcohol. Hydrocarbon. 

'rem hexacyanic acid we may derive the following : 

I have given this name to a new add obtained by the action of the alkaline 
tea upon uric add and also, as I believe, upon oyanuric add. 
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N=€-Ho 


N=£)-H 


N: 


=€--H 


N=€!-H 


N--i~Ho 


i!r— -G— H 


iV. 


-^-H 


i(—h—Vi 


l!r_^^Ho 


N— f^-H 


^. 


-^H 


1^-^-H 


ik—h-uo 


i!r— 6^H 


^, 


-^-11 


lir— ^H 


N— -6—110 


^_^-H 


4 


-^-H 


^~^— (€H,) 


N=^— IIo 


e=^— n 


0: 


=^-(CH,) 


e=-i— (€H») 


Hexacyanic add. 


Unknown. 


Theobromin. 


Theine. 


N=€-Ho 


N=€!-Ho 




N=€— Ho 


N=€— Ho 


j!r_^_Ho 


^-e-Ho 




^_^_Ho 


if—b— Ho 


N_^_n 


A-^— Ho 




]!f_6_Ho 


i5r— ^-Ho 


ii-h-n 


i!r-^-H 




ir-^-H 


i!r-^-H 


4-^-H 


4-^-H 




4-^ 


^-h 


e=^-H 


0=^-H 




e=^— H 


e-^ 


AUituric acid. 


Dilituric acid. 




Ozalantin. 


Leucotunc adl 


Ha=€— Ho 


e=€— Ho 




Hg=C— Ho 


Ha— €-H 


H — ^— Ho 


H— ^— Ho 




H -^-Ho 


H — -il-H 


11 — ^— Ho 


H— ^— Ho 




^-Ho 


H -^-H 


H -^— Ho 


H-^— Ho 




^-Ho 

1 


H — €-H 


H — ^-Uo 


H— 6— Ho 




H — €-no 


H — ^H 


H =€-no 


e=^~Ho 




Ha=^— Ho 


1 i 

H,- €-H 


Mannit. 


Saccharic acid. 




Glucose. 


Hydrocarbon. 



So far as I am awaro no substance derived from uric adij 
contains 7 atoms of carbon, and it is therefore unnecessaiyBj 
the present state of our knowledge to assume the existence rf 
heptacyanic acid. The derivatives of octocyanic acid arefli[ 
the contrary, though not very numerous, of much inteniit| 
They are as follows : 

€— (NH Jo N=€— NO N=C^Ho N=€-fc| 

^— Ho :^— fc— Ho ^-^h—uo i!r— fc-H 

^—h—iio ivr=^ i!r-^j| 
ilr— ^— Ho e=:^ 
e_^__Ho e=-6 

e=zh e=z^ 

e=^— H e=^— H e=^- 

YiolontiQ. AUoxautin. Hyduifliei 



y=€— Ho N= 

:tlr— -i— Ho 1^' 
:n^— €— Ho iilr 

x_-^_Ho i!r 
X— ^^— Ho e 
i>r^"^— Ho 

N=-d^— Ho O; 
Octocyanic acid. 



Ho 



— <!)— Ho 

Murezid. 
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To the theory of the molecular stractore of the members of 
the uric acid series which I have here presented, it may be 
justly objected that it is to a certain extent arbitrary, since it 
is easy to see that in many cases the elements admit of a 
different arrangement. I adinit the force of the objection, yet 
it will be founa, I think, upon examination, that there is less 
room for variation in the arrangements than might at first be 
supposed. Moreover, I have b^n guided as fsir as possible by 
the Known sjmtheses of some substances and products of de- 
composition of others. Thus in the case of unc acid, Strecker 
has recently found that by the action of iodhydric acid it is 
resolved into one molecule of glycocoU, three of carbonic acid 
and three of ammonia, so that it may be regarded as derived 
:from cyanuric acid and ^lycocoll in the same sense in which 
hippuric acid is derived n'om glycocoU and benzoic acid. The 
structural formula which I have given explains the decompo- 
ntion effected by Strecker very simply, for we have 

N=€— Ho 

lir-.^— Ho 

]sr_^— Ho 



Now 






3- 
L ■■■■■■ 



N=€— Ho \ 

'iJr— ^— Ho) 

and (N=£) ) ^ ^ ^ ,^ ^^^ 



ycocoU. 

In like manner it is easily shown that urozanic acid is de- 
rived from uric acid by the addition of one atom of water ; 

i*. N=€— Ho N=€— Ho 

if 2Jr-^o ^-^Ho jj^^ , k-h-R ) 

- 2^-^Ho+H,0=l}-^Ho V^h+"»^=U-^=hJ 
^i -^—^ N— €— H 

!^ TJric acid. XJroxanic acid. 

^\- I have here taken uroxanic acid with the formula 
* 3,N4Hee4+2Hae instead of ^^NJI^o^e which is usually 
ttributed to it. 
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The fonnation of allantoin from mic add may be explained 
as follows : 

N=€— Ho N=€— Ho 

l!r— ^Ho 1^— ^Ho 

ilr— ^Ho+e+HaO = i!r— ^Ho 




^^H A A 

Uric acid. Allantoin. 

Here also the action is only exerted npon the glycolic ele- 
ment of the uric acid, since obviously 

In the formation of dialuric acid from uric acid an atom of 
cyanyl also enters into the reaction : 

N=€— Ho Nzz€— Ho 

i!r— ^— Ho ]!!r-€— Ho 

iJr— ^Ho+2Hjje = 4— ^H +N=€I— Ho 

^—h e=^-H ik ik =11^ 

€J — ^Ho Dialuric acid. Urea. 

Now 

^^|_jj+2He,=^^^^+Nn3 and {NS€-Ho)+NH,= 

N=€J— Ho 

In the oxydation of uric acid to form alloxan an atom of cy- 
anyl is involved ; thus 

N=€— Ho N=€— Ho 

■^—h—Uo i!r_^Ho 

N^€J— Ho+^+H,e = 4—^ +N=€— Ho 

"^—h e=b i i^=H, 

"^^n Alloxan. Urea, 

Here 
N=£!— Ho I I 

In the case of mycomdie ^\d ^we have 



[i 



-2 
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N=€— Ho - N=€— Ho 

:^_^_Ho ilr—fc—no 

l^_^Ho = ^V_,^H+«^ 

■G — H Mycomelic acid. 

To explain all the transformations of the members of the 
nric acid series would require an inordinate extension of this 
paper. The reactions indicated by the following equations 
appear to me to find a ready explanation in the formulas which 
I have given above, and will serve to facilitate comparison : 

€,H2N2e,+H,'= €,x,H,e; 

Alloxan. Dialuric acid. 

2€,H2N^e4+H2 = c^H.N^e.+H^e 

Alloxan. Alloxautin. 

€-HaN3e^+€^N,H^e^ = CgH^N^e^+H^e 
Alloxan. Dialuric acid. AUoxantm. 

o^H^N^e^+H^e = ^.H^N^e, 

Alloxan. Alloxauic acid. 

^^HaNjO^+e = ^aHjN^ea+ee^ 

Alloxan. Parabanic acid. 

One transformation deserves especial notice from its bearing 
upon the theory. By the action of cyanic acid upon dialur- 
amid Baeyer obtained pseudo-uric acid, the equation expressing 
the reaction being 

f €,H,N3e3+€NHe = €,HeN,e,. 

i^ Now in this case we have a direct passage from a lower to a 
^: higher series by simple addition of one molecule of cyanyl. It 
' seems at least probable that further transformations of a simi- 
3^ lar kind are possible, and that the discovery of pseudo-uric acid 
furnishes a clue to a great number of syntheses by one or more 

.additions of cyanyl, prussyl and cyanamid. An attentive ex- 
amination of the structural formulas which I have given will 

, show that in each series many intermediate terms remain to be 
■ii discovered. 

The views which I have here developed in regard to the mo- 

;Iecular structure of the uric acid series appear to me to afford 

. a satisfactory explanation of certain peculiarities which have 
:lo]ig attracted the attention of chemists. The first to which I 

ahall refer is the remarkable mobility, of the constituents, and 
r^Oie great number of compounds which may be derived from a 
iPkingle primitive by the addition, subtraction or replacement of 
ilimple radicals such as hydrogen, hydroxyl, &c., and by th<^ 
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metastases of the combining bonds. Cases of isomerism are not 
common among the nitrogenous members of the series, but the 
theory clearly points to their possible existence and simple ex- 
planation. That there is a very close connection between the 
nitrogenous and non-nitrogenous terms of the several groups 
can hardly I think be denied, and no theory which has hitherto 
been proposed offers any explanation of this connection. I am 
disposed to lay some stress upon this point, believing as I do 
that it contains the key to the explanation of chemical changes 
occurring within the animal economy, and gives hints which 
may hereafter be of service in the rational system of thera- 
peutics to which organic chemistry in connection with physi- 
ology will ultimately lead. 

The attentive study of the polymeric forms of cyanyl will 
also I think serve to show that a number of derivatives 
still remain to be formed from each primitive type, since 
it is clear that hydrogen and hydroxyl may not only inter- 
change places so as to produce new compounds, bnt may be 
replaced by (NH^) and by other residues. I may here state 
my conviction that every hydrocarbon is one term of a series 
which may be considered as derived from another term con- 
taining prussyl, cyanyl, or polymeric forms of these bodies, 
and one problem of organic chemistry, not yet solved or even 
attempted, is the systematic passage from the completely nitro- 
genized terms through the intervening stages to the simple hy- 
drocarbons, or from these back to the highest nitrogen deriva- 
tives. In the simplest known case this has been done ; from 
prussyl in the form of cyanhydric acid we pass to methylamin, 
from methylamin to methylic alcohol, and from this to maxA 
gas. Conversely we pass from marsh gas to cyanhydric add, 
but in the cases of the higher terms in the series no snch sys- 
tematic transformation is possible in the present state of our 
knowledge. 

In conclusion I may remark that in place of cyanyl and iti 
multiples cyanogen and its multiples might have been assun^d 
as primitives. I am disposed to think, however, that the 
method of presenting the subject which I have chosen is upon 
the whole better and simpler for the purpose which I had in 
view. 

Cambridge, Aug. 16th, 1868. 
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Abt. XXIX. — The OccuUator ; by Thomas Hill, Cambridge, 

Mass. 

Fob several years past the appendix to the American Epbe- 
meris and Nautical Almanac has contained a list of occulta- 
tions, visible in the limits of the United States, west of the 
Mississippi river, calculated by aid of an instrument invented 
by me, in the summer of 1842. Having been re(juested, by 
one of the editors, to furnish a description of the mstrument 
for the American Journal, I will endeavor to give it in as few 
words as possible. 

From oDservations on the moon, taken from stations on the 
surface of the earth, astronomers have, with incredible labor, 
computed the moon's actual orbit, and predicted, several years 
in advance, her apparent path in the sl^, as it would he seen 
from the center of the eartn, were such observations possible ; 
that is, as it would be seen by an observer, flying with great 
velocity over 'the earth, with such speed, and in such a path, 
as to keep the moon always in his zenith. 

The problem in calculating an eclipse, or an occultation, is 
to find from this position of the moon amon^ the stars, as seen 
by an observer to whom she is in the zemth, where she will 
appear to an observer in some other position. 

The mode in which I solved this problem mechanically will, 
perhaps, best be understood by following the actual process of 
my thought in inventing the instrument. A straight wire of 
iDfinite length, passing through the centers of the earth and 
the moon, would mark in the sky, with one end, the moon's 
real geocentric place, with the other, its opposite pole. A sim- 
ilar wire, passing through the moon's center and the place of 
the observer, would mark out, with one end her apparent 
place, with the other its pole. These poles would have the 
same relative position as the places. Moreover, if the moon be 
taken as the center of the celestial sphere, these places and 
poles would keep their right position on a smaller concentric 
sphere. Let us then take a sphere of about sixty feet radius, or 
a small portion of its surface, as a chart. Vertically over it, at 
a distance of sixty feet we place an ideal moon, while upon 
the chart we will place a model of the earth with a ten-inch 
radius. The projection of the center on the chart being the 
moon's real place (or rather its pole), the projection of the ob- 
server will be the apparent place (that is, its pole) ; provided 
we use the stars instead of the moon's hour angles, &c., which 
relieves us of the awkward necessity of projecting from the ideal 
moon and allows us to project vertically. 



soo 
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Of course our model of the earth need be but a skeletoa 
model, and such is " the Occoltator." It consists eBsentialljr 
of five parts. I. The moon's meridian, aa, standing vertical 
upon two feet, and readily arranged by meane of a projecting 
point on one foot and a cross scratch in mica in the other, to 
stand parallel to the meridians of A.B. in the chart. Id the 
cnt the projecting point in the hind foot is out of sight. 

II. The equator, n, 
which by means of ita 
(axial or polar) arm, 
SB, and the gradosted 
limb of A, is set to the 
declination of the moon 
(in the cut about 12°) 
so ae to keep the ideal 
moon vertical over the 
chart). 

III. The meridian of 
the observer, zx, which 
by the graduated limb 
of the equator is readily 
set to the hour angle. 
In the cut the hour 
angle ie 22'", 

IV. A steel radios 
j sliding in and out of s 
. brass socket, e, which 
I slides on the olraerver'e 

meridian, zx, to the 
latitude of the place of observation, in the cut 45°, 

V. Some contrivance, two Hpecimens of which are seen by 
the side of the instrument, for finding the projection of the 

!)oint of the rod. The one moat used le the ruder one at the 
eft, a silk thread stretched on a brass bow which is set on a 
triangular base, and made normal to the chart by screws in the 
base. The modes of using the instrument are various. 

(a) We may draw our chart on a fixed scale of 1 inch =6', 
and in that case, have fixed meridians drawn, and plot a new 
path of the moon for each occultation, and take new measnrea 
for the semi-diameter, and for the horizontal parallax, repre- 
sented by the steel radius IV. 

(6) Or we may fix the length of the steel radius at 10 inches, 
draw one meridian as an axis, and use Bessel's codrdioates to 
plot the moon's path. 

(c) Bat the best practical method yet tried is to plot care- 
£ally and permanently the moon's path on the chart with ao 
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hourly motion of 5*6234 inches, — and calculate the proper 
values for semi-diameter and parallax, and direction of the 
meridian. 

(d) Other modes have been tried, but are not worth describing. 

It will be observed that the mode a is naturally suggested 
by the train of thought which led to the invention, 6 by the 
calculation and publication of BesseFs coordinates. The mode 
c, requiring a modification of Bessel's coordinates, was invented 
by my son, H. B. Hill, who has calculated the occultations for 
the American Ephemeris. Its advantage is, that it saves the 
labor of dividing the moon's hourly motion into minutes, which 
under the other forms is the most tedious part of the process. 
With the practice which he has had, he is now able to compute 
by this instrument the times of immersion and emersion, and 
the angle of emersion for sixteen different places of observation, 
in less than one hour. The times are supposed to be accurate 
to the nearest minute, unless the occultation is little more than 
an appulse. 

The instrument was made by J. H. Temple, of Boston, who 
deserves great credit for his solution of a very difficult mechan- 
ical problem, — ^the adjustment of three motions (declination, 
hour angle and latitude, I might add a fourth, parallax) on 
axes passing through a common point, the center of the model 
earth. 

The above description of the process of invention sufficiently 
demonstrates the principle of the instrument, but it may be 
demonstrated in quite a different way. 

Let P be the elevated pole, z the zenith, S a star, and C the 
point of upper culmination, let ^ be a fictitious star, and p a 
point in the meridian below C, such that j? C=P z. Make the 
angle Cj9«=»PS and pa^pC The two triangles, zpSy 
2 PS, are evidently sjrmmetrical, so that 8z=^z and the 
angle ^ 2^=2 8 P. That is to say, the altitudes of a and 8 are 
equal, and the azimuth of 8 equals the parallactic angle of 8. 
Hence, if over a horizontal chart a rod, e(jual in length to the 
horizontal parallax of S, be elevated to point at «, the projec- 
tion of the rod will give both the magnitude and the direction 
of the parallax of 8. But it is evident from the construction 
oi the instrument that the steel rod points at 8, 
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Art. XXX. — On the Amiens Oravel; by Alfred Tylob, 

Esq., F.G.S.* Plates III and IV. 

L Inteoductiox. 

The exact position, character, and equivalents of the Qna- 
temary deposits of the valley of the Somme have been fre- 
quently discussed. On the authority of certain sections and 
plans of Amiens and Abbeville, the correctness of which will be 
examined hereafter, theoretical views concerning the relative 
ages of different parts of the gravel and of di^rent parts of 
the valley of the Somme have been promulgated by Mr. Prest- 
wich, and repeated by Sir C. Lyell and others. 

These geologists have asserted : — 

First, fliat there were two valley-gravels of distinct age at 
Amiens and Abbeville, one named by them the upper and the 
other the lower valley-gravel ; 

Secondly, that the upper gravel was the older of the two ; 
and 

Thirdly, that the valley of the Somme was excavated to a 
depth of 40 or 50 feet since the deposition of the upper vaUey- 
gravel, and previously to the deposition of the lower valley- 
gravel ; 

Fourthly, that both gravels were fossiliferous, and contained 
the remains of man, or rather human implements, and bones 
of extinct mammalia, the lower gravels having the greater 
number of species of mollusca, the higher gravels containing 
the greater number of flint implements ; 

Fifthly, that the height of 70 feet, at which fossiliferoiu 
gravels now stand above the level of the Somme, is much be- 
yond the limit of floods, and therefore, that these gravels could 
only have been deposited at St.-Acheul before the river-channel 
was cut down to its present level. 

The general effect of these assertions was to refer the remains 
of man found in St.-Acheul back to an indefinite date, sepa- 
rated from the Historical period by an interval during which 
valleys were excavated or deepened 40 or 50 feet. 

In a paper read before this Society in April, 1866,"|" I sug- 
gested that there was evidence of very little weathering or at- 
mospheric action since the date of the drift containing human 
remains, and that the a^jc of these deposits was close to the 
Historical period, — also that the upper and lower vaUey-gravels 
in the Somme were continuous and of one period. 

♦ From the Quarterly Journal of the Geological Society for Maj, 1867. 
f QuiiTt. Joum. Greol. Soc , vol. xxii, p. 463. 
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I afterward read, in Jtmey 1866, a statement of what I be- 
lieved to be the correct interpretation of the Amiens and Abbe- 
vflle sections, reasserting the continuity of the gravel-deposits 
on gradual slopes from the higher to the lower levels m the 
valley, except in rare cases or isolated spots, where the conti- 
nuity was interrupted or prevented by some upstanding piece 
of tne original rock out of which the valley had been cut, in 
which case the gravel wraps round the base of the upstanding 
knoll of chalk. I quoted the section at Montiers as one that 
shows a direct sequence of gravel from above the railway to the 
Somme, notwithstanding the version of that locality published 
by Mr. Prestwich, in which chalk is represented in a position 
where I could only find gravel. 

At the same time attention was drawn by me to the proba- 
bility of the brick-earth terrace sloping down to the Lea 
Mai*shes at Clapton being of the same age as the similarly 
formed Loess terrace sloping down to the Somme at Amiens. 
I also asserted that there was good evidence in the direction 
and gradient of the terrace, in the configuration of the gravel 
and brick-earth and of the London-clay surface at Clapton, of 
the water having occupied the whole valley of the Lea at the 
time of the formation of this Clapton terrace, and also of the 
water of the river Lea or other rivers having reached very much 
higher levels in the vicinity at that period, while the Stoke- 
Newington and Highbury gravels and brick-earth were being 
deposited. 

I still hold these opinions, and am prepared to demonstrate 
their truth ; and I ask the attention of the Society to a re- 
statement of the exact geological facts to be seen in the Somme 
valley, and to evidence quite independent of that which has 
been previously submitted to the Society, although to a certain 
extent going over the same ground. 

The conclusions that I arrive at are extremely dissimilar to 
those of Mr. Prestwich and Sir C. Lyell, and are as follows : — 

First, that the surface of the chalk in the valley of the 
Somme had assumed its present form prior to the deposition 
of any of the gravel or loess now to be seen there, and in this 
respect corresponded with all other valleys in which Quaternary 
deposits of this character are met vnth. 

Second, that the whole of the Amiens- valley gravel is of one 
formation and of similar mineral character, and contains 
nearly similar organic contents, the La Neuville, Montiers, 
and St.-Acheul gravels being of the same age, and capped with 
a covering of loess also of one age and mineral character, the 
whole deposit being of a date not much antecedent to the ^ 
torical period. 




304 A. Tylor on the Amiens OraveL 

Third, that the gravel in the valley of the Somme at 
Amiens in partly derived fix)m dibria brouj?ht down by the 
River Somme and by the two rivers, the CeUe and the Arve, 
and ])artly consists of material from the adjoining higher 
grounds, washed in by land-floods, — the immense quantity of 
chalk present in the gravel having been derived from the latter 
source. It is where the surface of the chalk is concave that 
the gravel is thickest. 

Fourth, that the Quaternary gravels of the Somme are not 
separated into two divisions by an escarpment of chalk parallel 
to the river as has been stated. They would have formed an 
exception to other river-gravels if this had been the case. The 
St.-Aclieul gravels thin out gradually as they slope from the 
high laud down to the Somme, and they pass away into the 
Loess formation, — and so also at Montiers. 

The Loess deposit, on the contrary, forms a distinct escarp- 
ment for many miles along the Somme ; and this, I believe, is 
the bank of the ancient river whose floods produced the 8t- 
Acheul and Montiers ^vels. 

Fifth, that the existence of river-floods, extending to a 
height of at least eighty feet above the present level of the 
Somme, is perfectly proved by the gradual slope and conti- 
nuity of the gravels deposited by those floods upon the sloping 
sides of the valley toward the Somme, and also by the Loess 
or warj), of similar mineral composition, and color, extending 
continuously over the whole series of gravels, and finishing 
with tt well-defined bank near the present stream. 

Beds of gravel, brick-earth, and loess, having an even sloping 
surface from the escarpment of the sides of the valley down to 
the terrace near the river-bank, are often to be observed near 
other rivers whose channels bear the same proportion to their 
valleys that the Somme river bears to its valley, and where 
gravel- and loess-deposits reach to a height of ICK) feet above 
the present river-levels. 

Sixth, that many of the Quaternary deposits in all countries, 
clearly ])Osterior to the formation of the valleys in which they 
lie, are of such great dimensions and elevation that they must 
have been formed under physical conditions very different from 
our own. They indicate a Pluvial period, just as clearly as the 
northern drift indicates a Glacial period. This Pluvial period 
must have immediately preceded the true Historical period. 

Since June 1866, I have visited Amiens several times, and 
compared the gravels as accurately as I could, both as to situ- 
ation and character, with those of other rivers, of which I have 
had surveys made; and I hoped to have brought the whole 
subject of valley-gravels before the Society in the early part of 
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1868. The announcement of the intended absence from Eng- 
land of Mr. Prestwich, has induced me to describe the Amiens 
gravels first, in order to have the advantage of his presence at 
the meeting, reserving my account of other river-gravels and 
general comparison to a future paper. 

The plan and sections of the Quaternary deposits at Amiens 
illustrating this paper will, I hope, make the actual geographi- 
cal and geological positions of the Amiens beds quite clear. 

It should Ikb mentioned that, in August, 1866, after examin- 
ing the levels myself, I called at the railway office at Amiens 
to obtain the precise height of the different points on the rail- 
way above the sea, and to get the name of a competent survey- 
or, and was referred to the chief engineer, M. Guillom. That 
gentleman only saw me for a few minutes, but kindly promised 
that if all the points on which I required information were laid 
down on a plan, he would have the sections carefully taken for 
me in a few weeks. This plan was accordingly sent to him by 
me a few days afterward, with the lines marked on which I 
wished the levels. 

The work was more tedious than was expected by M. Guillom, 
and he did not send me the measured sections until May, 1867. 
The levels of these sections have been taken with the greatest 
care, and, I believe, are as precise as any that have been taken 
for geological purposes ; and I am therefore indebted to Mr. 
Gumom for the means of drawing an exact picture of the sur- 
face of the chalk prior, as I believe, to the deposition of any of 
the valley-gravel or loess at Amiens. The value of this com- 
munication therefore much depends on Mr. Guillom's survey. 

The heights on the maps and sections are in English feet, 
the datum line being mean tide at Havre. The scale of the 

flan (Plate III), is 3^ inches to a mile. The vertical scale in 
4ato IV, is i inch to 55 feet, and is three times the horizontal 
scale. The dotted lines on the plan show the position of five 
sections, I K, R 8, L M, N P, if Q, nearly at right angles to 
the river, some of them extending to a height of 2()0 feet above 
the sea. The line A B is along the Imperial Road. See Plates 
III and IV. 

IL Desckiptiox op the Longitudinal Se<tion, 

There is also a longitudinal section, divided into three parts 
on account of the public buildings at St.-Acheul preve ntin 
continuous levels being taken. The divisions are C D, 
and GH; but it will be treated sometimes in this paper 
section, C H. See Plate IV, fig 3, 4, and 5. 

AsL Jour. Scl— Second Sbries, Vol. XLVI, No. 13«.— Nov., 1867. 
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It passes through the celebrated pits of St. Achenl, and ii 
bounded by the river Arve, a tributary of the Somme, at iti 
eastern point, C, and by the escarpment of chalk in the Boe 
de Cagny (700 yards west of the railway-station, Amiens) at 
its western extremity, point H. 

C H is near the Imperial Boad, and is parallel to that road, 
to the railway, and to the river Somme. 

Section G ^.— The length of G H is 1400 feet. See Plate 
IV, fig. 5. The highest point is 157 feet above the sea, 79 feet 
above the river Arve, 3 feet over the highest part of the Im- 
perial road, 61 feet above the rails, and 84 feet above the rivei 
Somme at Neuville. The gradient, commencing at point H, 
129 feet above the sea, Bue de Cagny, rises to the east 1 in 30, 
then 1 in 33, 1 in 35, 1 in 61, and 1 in 100, reaching the well- 
known section of St.-Acheul Pit, with Boman graves, fossilif- 
erous sand, and wavy marls, at a height of 152 i feet above the 
sea. A portion of this is shown in Plate IV, fig. 12, 

The loess in this section is four feet at the highest, and most 
easterly point, G, gradually thinning to the west, and ceasing 
when it reaches H. 

The gravel is sixteen feet thick at its most easterly point, 6, 
thinning out as it passes to the west a little before the loess 
disappears. 

The surface of the chalk is 133 feet above the sea at G, and 
128 feet at H. The surface falls 1 in 280 to the west. 

Section E F. — The surface gradient commences at F, at a 
height of 156 feet above the sea, and it passes the Cemetefj 
road on the level, and rises at a gradient to the east of only 1 
in 700, then falls to the east at 1 in 165 and 1 in 7ul, reaching 
the point E at a height of 154 feet above the sea (Plate IT^ 
fig. 4). 

The loess is 4 feet at F, thickening to 5 feet at the summit- 
level of the whole section C H, and then thinning out to 4 feel 
at E. The regularity of the loess is a very important fact. 

The gravel is 17 feet thick at F, and 15 feet at E. The sur- 
face of the chalk is 133 feet above the sea at both E and F, 
showing a perfectly horizontal line, while there is only a varia- 
tion in the level of the surface-loess of 3 feet in this section, 
which is 1586 feet long. 

Section CD (Plate IV, fig 3). — Section C D commences at 
D with an elevation of 153} feet above the sea; and the gra- 
dient falls east at 1 in 157, then rises to the east 1 in 80, then 
falls to the east 1 in 40 and 1 in 300. Here the tramway (Plate 
IV, fig. 1) crosses the Imperial Boad, and some very extensive 
gravel pits are now being worked for ballast. 
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The gradient continues falling east 1 in 88, 1 in 180, 1 in 
160, 1 in 41, 1 in 33, and rising 1 in 200 to the east, where it 
reaches the escarpment at a height of 142? feet above the sea. 
The loess is here 5 feet thick, and the gravel 2 feet, accord- 
ing to Mr. Guillom's survey; but I found only two or three 
feet where I observed ifc. The loess is 5 feet thick near the 
tramway, and 4 feet at the point D. The gravel is 13 feet 
thick at D, and 10 feet thick at the tramway, thinning out as 
it approaches the escarpment on the east, as it did on the west. 
The surface of chalk is horizontal throughout this section also 
up to the escarpment. 

At the escarpment, the chalk falls to the east 52 i feet in a dis- 
tance of 106, or at an angle of 45° and gradient of 1 in 2 
Bearly. The line of slope of this escarpment is remarkabl)^ 
straight in many places, and quite free from gravel or loess. 
Then there follows a flat terrace of loess, 60 feet wide, then a 
slope toward the river, of 1 in 30, and then 1 in 4, until we 
Teach the marsh at a height of 76^ feet above the sea. 

UL Descbiftions of the Tbaksvebsb Sections. 

Section IK (Plate IV, fig. 6). — This section commences at 
the Rue de Cagny, point I, at a height of 200 feet above the 
sea, and falls to the river and the north at a gradient of 1 in 
32, 1 in 28, 1 in 22, 1 in 18, 1 in 54. It then rises to the north 
at 1 in 162, and crosses the tramway ballast-pit at a level of 153i 
feet above the sea, and the Imperial Boad at a height of 153 
feet above the sea; it then rises to the north at a gradient of 1 
in 20, reaching 156 feet above the sea, then falls toward the 
river at 1 in 42, 1 in 100, rises 1 in 87, falls 1 in 67, 1 in 65, 
1 in 50, until in reaches the railway-cutting, at a height of 138 
feet above the sea. The cutting happens to be in the escarp- 
ment of the ancient chalk valley, in which the valley-gravel 
has been deposited; and the surface of the gravel follows the 
contour of the ground, and falls at a gradient of 1 in 8, and 
then 1 in 7, declining 47 feet in a distance of 360 feet. The 
surface then falls more gently to the river at 1 in 36, 1 in 34, 
until it reaches the Somme. 

At the point I in the Rue de Cagny the loess is 3 feet thick, 
and near me Imperial Road it is 8 feet thick; at one point it 
gradually thins out toward the river and railway, and at the 
railway-cutting the loess is only 2 feet thick. I do not know 
the thickness on the north side of the railway; but as the 
gravel thins out rapidly, the loess is no doubt from 10 to 12 
reet thick in some points. The gravel at the point I is 5 feet 
thick; it increases to 10 feet thick as it approaches the Impe- 
rial Boad, and after passing that at a height of 148 feet above 
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the sea, it gradually thins away until it is only 3 feet thick at 
the south side of the railway-cutting, and soon merges into the 
loess on the steep incline on the noiin side of the railway. 

The surface of the chalk at the Bue de Cagny near the poiol 
I is 195 feet ahove the sea; it falls to 136 feet above the sei 
where it passes under the Imperial Boad, and then becomes 
nearly horizontal, only falling 3 feet until it reaches the rail- 
way-cutting. 

Fig. 1. — Section at La Neuville, showing the Loess resting immediatdji 

on the Chalk. 
, S. N. ■•fl?«r 



The slope then becomes rapid again, and it probably fiiUs at 
a gradient of 1 in 4 for some distance, and then becomes hori- 
zontal again at the river Somme. 

The loess is clearly seen in the railway-cutting and at one 
cellar (Plate III, C)* in Neuville (fig. 1), restoig on chalk 
without any intermediate gravel, C on the plan; but I htfe 
left the junction between the loess and gravd undefiined in the 
lower part of the section I K, as I could not put the junction 
in accurately. 

If a straight line be drawn from point I on the Rue de Cagny 
to K on the Somme, it will pass 32 feet below the top of the 
railway-cutting along the line I K, and it will pass over the 
chalk at the Imperial Boad at a height of 17 feet, showing that 
the surface of the chalk between those two points is concava 

Section^ L M, — (Plate IV, fig. 7.) — This section commences 
at the point beyond the Bue de Cagny, at a height of 187 feet 
above the sea ; the gradient dips northward toward the river, 
and falls 1 in 37, until it passes the Bue de Cagny at a height of 
160 feet above the sea. It passes through a part of the great 81- 
Acheul pit, with a gradient of 1 in 15, 1 m 40, 1 in 70, 1 in 
130. Here it crosses the Imperial Boad and falls to the north 
with a gradient of 1 in 600, 1 in SOO, 1 in 40, 1 in 688, 1 in 43, 
to the La Neuville Bailway ballast-pit close to the railway 
workshops, where it reaches a height of 132 feet above the sea. 




feet. 111 feet above the rails. 



* The letter C in La Neuville must be distinguished from the letter C in Loc- 
gueau on the same Plato III. 
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The ground then fells north, at a gradient of 1 in 21, form- 
ing the top of the loess terrace, at 95 feet above the sea. The 
escarpment of the loess terrace is here at a very steep angle, 
falling 12 feet in a horizontal distance of 14 feet, then at a gra- 
dient of 1 in 71 to the first brook, then level to the Somme. 

The loess is 4 feet thick at the Rue de Ca^y, in the section 
L M and the same thickness at the Imperial Road. At the 
escarpment of the chalk it is only 2 feet thick, and seems to 
appear again at the terrace in considerable thickness, at a height 
of 95 feet above the sea. 

The gravel is 13 feet thick at the Rue de Cagny, nearly 20 
feet thick in the St.-Acheul pit, and runs out to 6 feet at the 
Hailway- works ballast- and cnalk-pit at the escarpment. I 
have no section of gravel further north than this pit. 

If a straight line be drawn from the Rue de Cagny to the 
Somme, along the line L M, it passes the Imperial Road on the 
level, and is 15 feet below the surface at the Railway- works 
ballast-pit; so the surface is convex at that point. 

The convexity of the chalk on the same line is 14 feet at the 
ballast pit. 

Section N P. — Plate IV, fig. 8.) — This section commences 
at the Ferme de Grace, point N, at a height of 201 feet above 
the sea, and goes along the road to Montiers by the line NOP 
as far as 0. The first gradient is 1 in 33, north; 1 in 90, 1 in 
100, 1 in 105, 1 in 110, 1 in 110, 1 in 110, 1 in 57, 1 in 60, 1 in 
70, 1 in 60. Here it crosses the junction of two roads at a 
height of 155 feet above the sea. Then follow on north 1 in 60, 
1 in 27, 1 in 40, 1 in 60, to the point 0, at a height of 120 feet 
above the sea; then 1 in 30 and 1 in 75 to the railway, 1 in 33 
to the Imperial Road, then 1 in 56, 1 in 50, 1 in 231, and it 
crosses the top of the escarpment of loess at a height of 81 feet 
above the sea. Then the face of escarpment falls 16 3 feet in 
18 feet, then is horizontal to the river. 

If a line be drawn from the Point N to the river Somme 
along the line N P, it will pass under the junction of two 
roads at a height of 142 feet above the sea, or 15 feet under 
the roads. It will pass 10 feet above the rails, and 2 feet above 
the Imperial Road ; so that the extreme convexity of the sur- 
face at any point of the line of 7458 feet is only 15 feet. This 
is important, as the section has been represented as enormously 
convex by previous writers. 

The surface of chalk at the junction of the two roads is 142 
feet above the sea, and is therefore only 6 feet above a straight 
line drawn through NOP. The surface of the jlrikil^t the 
railway is 23 feet below a straight line drawn fix>i 
Grace 201 feet above the sea to the Somme (at ) 
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marly in color, often mixed with loess, and with fermginou 
stains. When the chalk is quarried, the large masses M 
down like boulders, and are used for purposes of masoniy, 
untouched by the quarryman. The hard pieces of chalk pro- 
ject beyond the soft matrix in which they are inclosed, like the 
flints upon the Brighton cliff, making a serrated iace. The 
largest piece that has fallen out is onl^ about three feet long, 
according to M. Dailli, who has quarried thousands of tons of 
chalk without meeting with a larger mass. There is a pipe, 
ten feet in diameter, in M. Dailli's garden, and the depression 
in the chalk at the north-east comer has a pipe-like form. 

The lines of large flints which traverse the whole of the 
escarpment horizontally are perfectly in situ. 

That this decomposition of the chalk in situ has some rela- 
tion to the physical circumstances following the deposition of 
gravel at St.-Acheul is, I think, probable, as some part of the 
drainage from above St.-Acheul would pass through the escarp- 
ment in question in order to get to the marshes, and the action 
which has caused the removal of the chalk must have acted 
with great intensity on the high land adjoining, so that the 
current was from above downward. About one-eighth of the 
St.-Acheul gravel consists of chalk in the form of large pieces 
averaging 4 inches diameter, of chalk pellets from -J^ to 1^ in 
diameter, and of chalk finely divided and mixed with clay. 

Where we can see the chalk near C, it is so perforated hy 
pipes and separated into small pieces that it seems prepared for 
a rapid denudation if attacked by water with any vigor ; and 
if this was the condition of the chalk also at higher levels near 
St.-Acheul and Montiers, we can account for the large quan- 
tity of chalk contained in the Amiens gravels. 

The fall of the Somme from Longueau to Montiers is fifteen 
feet, the river flowing from southeast to northwest nearly, at 
a gradient of only 1 in 1520. The rails are 96 feet at La Nen- 
ville, and 99 feet at Montiers, above the sea-leveL 

By referring to the sections, CD, EF, GH, which are paral- 
lel with the river Somme and the Imperial road, it wiU be 
seen that on a line from east to west, 1644 yards long, from 
the eastern escarpment of the chalk east of St.-Acheul to the 
western escarjiment of the chalk near the northern termination 
of the Rue de Cagny, the surface of the chalk is extremelT 
regular and horizontal. 

The highest point of the chalk on the line C H is only three 
feet higher than the lowest point on that line. 

There is a steep escarpment, 50 feet high, at Longueau, of 
bare chalk facing the east, and an escarpment 30 feet high, nor 
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the Bue de Cagny, of bare ctialk lacing the west. The out- 
crop of chalk is marked on the plan, in order to be well seen. 

The contrary is the case with the sectiong from south to 
north. The escarpment of the chalk facing the rirer Somme 

Kg, 6, — Stttion cf decompoud Chalk exposed in a quarry in Ihe escarp- 
mtnt near Ci ^ith hank of LoeMi al Ike bate. 
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Tig. 6.-~ Section ihowinff Ihe tKarpmenl of Loeu betteeen Iht Quarry 
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is not 80 steep and is therefore nowhere hare, being covered 
with a Quaternary deposit. 

The slope of the chalk irom south to north is considerable 
when compared with the almost perfect horizontality of the 
chalk in an east and west direction. 

Thus we have a slope or gradient of 1 in 33, or of 2^°, 
beginning at the point L on the line L M, 175 feet above the 
sea, to M on the Somme, at a height of 76 feet above the sea. 
The distance is 3342 feet between L and M. These escarp* 
ments are evidently the sides of lateral valleys, and are not 
dne to the action of the river Bomme, but to that of smaller 
lateral and more rapid, streams running into the8omme. The 
river Arve still approaches closely to the eastern escarpment 
of St.-Acheul. The western escarpment of St.-Acheul is the 
Bide of a valley now dry, but which evidently contained a rap- 
idly flowing stream when the western escarpment was ionned. 

The gradient of the river Arve is much steeper tbai^|g^f 
the Somme ; but the valley at the west of St,-Ach< 
contained a stream which must have &lleQ with a 
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as the slope af the bottom is 1 in 40, nearly eqnal to the dope 
of the chalk itself at St.-Acheul, which is 1 in 33. This river 
is now dry. 

I ask particular attention to the position and level of this 
dry valley, which is similar in character to those occurring on 
all chalk-downs and plateaus. 

The chalk surface at St.-Acheul is also hollowed out into a 
valley situated north of the Imperial Boad, widening out as it 
approaches the Somme, after the ordinary manner of valleys. 

By the sections through the St.-Acheul pits, we know this 
valley did not extend south of the Imperial Boad ; but the 
eastern boundary of this small valley, only 400 or 500 yards 
long, is well seen at the La Neuville Eastern Bridge, where the 
chalk is well exposed in the railway cutting, at a height of 20 
feet above the rails, and slopes westward, passing under the 
rails near the point C in the map, between tne lines oi section 
I K and L M. 

The surface of chalk is shown in a very clear section on the 
railway here, covered with twenty feet of loess (fig. 11). The 
chalk is nowhere naturally exposed. The force of water from 
St.-Acheul originally hollowed out this small valley in the 
chalk, which has been partly filled up with gravel and loess ; 
and the surface-drainage of St.-Acheul flows to the river 
Somme down this valley, over a bed of gravel and loess of 
some thickness. 

There is a very small lateral valley in the chalk, running 
from St.-Acheul into the now dry valley at the western escarp- 
ment, also covered with loess and gravel. The slope of the 
side of this valley is as much as 6°. 

Crossing over from the east of Amiens to the west, we come 
to the section NOP, which gives us a correct view of the 
surface of the chalk at Montiers, where fossiliferous gravels 
were discovered by Mr. Prestwich. (Plate IV, fig. 7.) 

The gradients have been already described. Between N 
and the surface of the chalk is slightly convex ; but between 
0, a point 120 feet above the Somme, and the Somme itsell^ 
the surface of the chalk is concave. 

In an elevation of 60 feet, between and P, the concavity 
of the chalk is as much as 20 feet, or one-third of the totd 
height. It is in this basin of the chalk that the great gravel- 
beds of Montiers may be seen, in which 30 feet of gravel and 
loess is well exposed, south of and close to the Imperial Boad. 

The fossiliferous gravel extends above the railway ; and Mr. 
Prestwich found shells in a pit which appears to be about 50 
feet above the river at Montiers. 

The chalk is nearly VioxiLOiita.1 benaath the rails for a distance 
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of 1077 yards between the line of the section NOP, and N Q; 
at least it is 15 feet below the rails on the line NOP, and 9 
feet below the rails at N Q (fig, 12, p. 123). As at St. Acheul, 
the slope of the surface follows the chalk to some extent, and 
fells toward the river. The average gradient is 24°, or 1 in 
43, along the line N Q, against a gradient of 21°, or 1 in 
33, at St.-Acheul, along the line LM; but the chalk is convex on 
the average at L M, and concave on the average at NQ. This, 
however, requires more explanation. 

The surface of the chalk between the line of 200 feet and of 
120 feet above the sea is convex oa the line N P, at the max- 
imum to the extent oi 14 feet out of 80 feet perpendicular 
height; and we see very little gravel reposing on the convex sur- 
&ce. On the contrary, in LM, between the 200-feet and 135-feet 
levels, the maximum concavity is Id ieet; and the great mass 
of the St. -Acheul gravel is deposited in this hollow. 

But when we examine the surface of the chalk between and 
P, between the 120-feet and 60-feet levels, we find the chalk 
Bur&ce is concave to the extent of a maximum of 29 feet, out 
of a total of 60 feet; and, singularly enough, this 29 feet is 
almost exactly the maximum thickness of gravel and loess ia 
the great pit at Montiers, where a section several hundred yards 
long is exposed. 

On the contrary, between the 130-feet and 76-feet levels on 
the lines LM and IE, where the surface of the chalk is convex, 
there is no gravel of any importance. 

In the section (Plate IV, fig. 1), between L M and I K the 
chalk is nearly a straight line, falling 21° between the 130-feet 
and 90-feet levels; we have 9 feet of gravel and loess exposed 
in this fevorable position for its accumulation. 

When we see the gradual slope ot the surface I'roni the jioiDt 
O to the river Somme at P, we are indeed surprised to fiudUie 
sudden change in gradients in passing southward from jj 
nancourt, across the now dry valley leading from 2^ 
(pasrang by Saveuse) to Amiens, a distance of ibd 
miles. These escarpments commence near Ferri^reB, 
crease as the bottom of the valley falls in a uorthea 
rection toward the river Cette. I measured a section n 
Ferme de Grace, where the side of the dry valley slopes fl 
angle of 20° to the bottom. 

These escarpments are better shown in a eifction taken f 
the point 0, toward Renancourt, and giving graiHeats frd 
30° to 60', representing fiood-lines of former periods, but*fl 
flharp in definition that they look like the work of the last nl 
ter. (Fig, 7.) 
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Fig. 7. — Section across the Saveuse valley, 
380 jards broad. 28 jarda deep. 
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It is obvious that any theory of excavation of the Somme 
valley, at Amiens, must take into account the condition of the 
dry Saveuse valley, which is only a type of hundreds of other 
dry valleys, which formerly were filled with water falling into 
the Somme and swelling it into a river capable of oyerflowing 
St.-Acheul. 

In the same way no argument can be satisfactorily applied 
to the formation of the Somme valley, without considering the 
relation of the chalk-valleys generally, which resemble esdi 
other in so many important respects, and are alike in genenl 
features as well as in the mineral composition of their strsts 
and their superficial contents. 

On some other occasion, after the Society has heard my ac- 
count of some other valleys, and seen my measured sections, I 
shall venture to lay before them the views of the formation of 
the Somme valley which I hold. I shall now only remark that 
the bottom of the valley of Saveuse opens into the valley of 
the Cctte, between Montiers and Benancourt, at a height of 
92 feet above the sea, and is 140 feet high above the sea near 
the Ferme de Grace, and 187 feet above the sea near Saveuse, 
and that there are continuous terraces of loess, varying in form 
knd elevation, sometimes with the configuration of the chalk- 
valley on which they repose from one end to the other, but evi- 
dently the consequence of water filling the Saveuse valley on 
its passage from Ferri^res to Montiers. 

2. The Gravel and Loess. — ^From the fine or coarse character 
of the gravel, and from the thickness of the loess, we may in- 
fer some of the physical circumstances which occurred at the 
period of deposition. The loess is in some places sandy, and 
m others is a fine loam, but it varies little in coarseness. At 
the same height above the river I have observed great discrep- 
ancies in the thickness of the true loess: thus, at a pit 200 
yards east of the line N Q, 15 feet of loess was well exposed in 
a new pit from which a good quality of brick-earth was being 
removed and carried a long distance to the brickfields at Mon« 
tiers; and I was informed there was a depth of 16 feet more be- 
fore the gravel was T^eti^ TVL'et^ -^wa s. gravel pit on the 
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same level, a little to the west. On the edge of the Saveuse 
valley, 400 yards south of 0, the loess was only from 1 to 2 feet 
thick. At St.-Acheul it was only 5 or 6 feet thick; but there 
were intermediate beds of marl and sand between the true l(\ess 
and the true gravel there. 

There seems to be a line of thicker brick-earth or loess run- 
ning south and north between the lines P and N Q. This 
woSd indicate that the water was more tranquil at that point. 
Such differences in currents are very apparent in rivers at the 
present time; and the w'arp of our rivers approaches very nearly 
to the character of loess. The fossiliferous ^vels at St.- Acherd 
extend to a height of 70 feet above the nver, or much higher 
than the corresponding fossiliferous gravels in the valley of the 
Thames. The shells are found in false-bedded fine sand, and 
not in clay, at St.-Acheul, and in precisely the same condition 
as at Crayford. 

The Oyrena shell-bed at Crayford, however, is only 38 feet 
above the sea; but both the St.-Acheul and Crayford gravels 
extend upwaixl and join the plateau beds, while they pass 
downward as &r as the river in both cases. 

The chalk is capped in some places with Tertiary sands at 
Crayford; but the gravel lies on the concavities of chalk and 
Band quite indifferently. 

The river Cray falls into the Thames much as the river 
Arve fedls into the Somme. The Crayford gravel is 100 feet 
thick, and confined to a space between two v^eys, the eastern 
Yalley occupied by the river Cray, and the other and western 
a dry valley, like that southwest of St.-Acheul. 

Bounded by valleys east and west, the Crayford and St.- 
Acheul gravels lie against escarpments of the chalk parallel to 
the rivers Thames and Somme. 

I have not presented more than a few varieties of the gravel 
sections to be observed in Amiens, for want of room (Plate IV, 
figs. 12 and 13, and fig. 8 below), and I propose to make some 
remarks upon the peculiarities of deposition to be observed 
there at some future time. I will now only observe that the 
character of the sections, I think, clearly shows us that a large 
quantity of the gravel material now exposed in the quarries 
opened for ballast near Amiens had its source in the hills or 
plateau immediately adjoining and above St.-Acheul and Mon- 
tiers, and was washed into the valley of the Somme in a direc- 
tion from south to north, and mingled with the materials 
brought down by the Somme, fiowing from east to west. 

The quantity of chalk-detritus is about one-eighth of the 
whole mass of gravel and loess, and makes the Amiens deposit 
second in importance to the Brighton gravel, as far as the ^t«9&- 
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eoce of chalk is concerned. The oiiTolled condition in wUf^ 
the lai^ pieces of chalk in the gravel generally occur provei 
the local origin of the chalk, and that it has been brought 
down from the high lands and not thrown up by the river. 

We might expect an important difference in mineral charac- 
ter between the gravel and loesH at the respective heights of ISO 
and 75 feet above the sea. I have compared the gravel of &L- 
Acheul, 140 feet above the sea, with that at Montiers, from 70 
to 80 feet above the sea, as carefully as I could, in order to find 
some marked distinctions, but up to the present time withont 
success. I have sketched a piece of gravel 'at St.-Acheul, 140 
feet above the sea (Plate I V, fig. 12), and a piece in Ls Nen- 
ville, 105 feet above the sea, and immediately north (fig. 8). 

Fig. 8.— Section in La yeuvilte Ballanl-pil. Lotss and GravtL 




There is a great deal of variation between these two sectioiu; 
but there is still more variety in the gravel section of a part of 
St.-Acheul, 200 yards to the east, at a height of 145 feet above 
the sea (Plate I V, fig. 1 3). Similar specica of shells have bwn 
discovered and named by Mr, Prestwichand others at MoDtien 
and St.-Acheul, at very different levels; hut there are none 
characteristic of any particular elevation above the river. Bone 
and flint implements are said to be found throughout the Amieiu 
gravels ; but as I have never fonnd any myself, nor seen any 
found, I cannot speak on this point from observation; and it 
does not appear that these remains, any more than the shells, 
would enalile us to distinguish any particular level. 

The large stones of Oris are abundant in all the quarries. 1 
made notes of the numbers and sizes of all I observed, ami 
found that they are also distributed as much in the gravel 
above the railway as below it, and range up to 4 feet lonj. 
There are as many and as large blocks of Gr^s in the Montiers 
northern pits as in those at St.-Acheul. I observed one GrC-s 
at La Neuvillc partly covered by loess, the rest of the stone 
being on gravel; but elsewhere the Grea stones were alwavsin 
the gravel, 

I have mentioned the loess being a very good brick-earth at 
a point 120 feet above the sea in Montiers. The color and ma- 
terial of the loess is generally a dull brown, varying in propor- 
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tions of clay and sand and in the amount of angular flints con- 
tained in it throughout the whole area. I have, however, 
remarked a reddish friable brick-earth on the terraces fringing 
the Somme at Longueau, ninety feet above the sea. This is 

frobably of the same character as that in the similar terrace at 
Teuville and Montiers. This brick-earth is very similar to that 
of the river Lea; indeed at Clapton there is a well-marked 
terrace of brick-earth bounding the marshes, which are com- 
posed of gravel. The Clapton terrace is higher than that of 
the Somme at Amiens, and reposes on London clay, instead of 
chalk as at Amiens. 

This low escarpment of loess is to be seen for a great many 
miles eastward along the Somme; and, from the angle at which 
it 'faces the river, with its flat top, it so resembles a military 
earthwork that it is often regarded as artificial. I have meas- 
ured the escarpment at five or six points; and the angles vary 
from 20° to 40°, the average being 35° (figs. 9 and 10.) 

In the Saveuse valley the angles are also various. I have 
often remarked similar escarpments in England. I made a note 

Fig. 9. — Section near Cagny, in the valley of the Arve, Loess Terrace 

just above the level of Marsh, 




of a series of terraces, seven in number, one over the other, on 
the chalk hills, on the north side of the Somme valley, about 
nine miles from Amiens, on the Paris line; and, indeed, in the 
space of ten miles you may see twenty small lateral valleys 

Fig. 10, — Section three-quarters of a mile south of M, Dailh^s house 

{valley of the Arve^) Loess Terrace, 



:^kl 




opening into the Somme, with escarpments as distinct and well 
marked as those drawn of the Saveuse valley. 

These were steps cut in the brick-earth of the Saveuse valley 
by the peasants to enable them to get up the steep sides; but 



320 A. Tylor on the Amiens Oravd. 

that was the only information I was enabled to get as to tin 
structure of parts of these terraces, except at Long^ueau, when 
a pit was open and good brick-earth visible ; bo I do not know 
tlieir relation to the chalk. At Camilla Lucy House, Wert 
Humble, near Dorking, I saw a terrace cut into, sloping to the 
valley at 25°. The gravel was 5 feet thick on the iaoe of chalk, 
and 7 feet thick 30 yards from the escarpment. 

These terraces are of great importance to any one investiga- 
ting the geology of the ^mme, but are not noticed by any olher 
writer as far as I am aware. 

V. Conclusion. 

What the sections described in this paper plainly teU us is^ 
that the chalk valley of the Somme was excavated exactly to 
its present form prior to the deposition of any of the gniTel 
now lying in it. Perhaps many layers of gravel may have been 
deposited and removed again in this ancient chalk valley before 
the present gravel was dei>08ited; but of this we cannot be cer- 
tain; so that we must take the first layer of gravel covering tk 
chalk from the higher part of the section to the lower as the 
oldest in the section, and infer that the remainder of thegravel- 
scrics was deposited in regular sequence. The most delicate 
shells are fossilized in the river-sand of St.-Acheul and Mon- 
ticrs, just as they have been in that of Crayford and Erith. 

This is a proof of the peaceful character of the deposition 
of BOiiie part of the Amiens beds, just as the large flints and 
blocks of Gres, which are so abundant among the gravel, are a 
proof of the power of the floods which brought the coane 
gravel from the plateau, or down the rivers. If the sectioitt 
near Amiens show the valley-gravel continuous from a height 
of 200 feet, at St.-Acheul and the Ferme de Grace, to the river 
Somme (coated over by a nearly uniform warp of loess), and 
laid at a low gradient not exactly parallel to the surface of the 
chalk, but rather in its concavities, then we must necefisarih 
admit that the water of the Somme has at times flowed ov^ 
the whole surface in question from top to bottom in one flooi 
This is not an exceptional case at all, as I should have been 
able to demonstrate, had I been able to bring forward my sec- 
tions of other river-gravels this evening. We are all agreed 
that a state of meteorological phenomena existed durinf* the 
glacial period very diiferent from any now to be met with in 
these latitudes; therefore there is no prima facie improbability 
in su])po8ing a pluvial period even of longer range in time thai 
the glacial epocn. 
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The existence of such a pluvial period is demonstrated by 
the size, constitution, and level of the fluviatile gravel and 
loess deposits at Amiens and other well-known localities. 
Large rivers certainly existed to a later date than the glacial 
period, as they formed such large terraces of loess over the gla- 
cial gravels. If we were to judge of the age of these later de- 
posits, such as the loess escarpments at Amiens and Clapton, 
by their modern appearance and by their being unaltered by 
weather and not cut into by streams, we should place them al- 
most in the historical period. The Amiens sections of loess 
accord with those of the Rhine and other rivers. The differ- 
ence between this loess deposit at Amiens and the present warp 
of the Somme ought to be an index of the rainfall in the plu- 
vial period, when the loess was deposited, as compared with 
that falling at the present time; and we may look at these 
gravels and loess beds as registeiing rain-gauges. 

In the same manner, the comparative rainfall at the epoch of 
the deposition of gravels might be estimated approximately by 
comparing the dimensions of the blocks of Grfts and large flints 
moved by fresh water in the gravel-period with the size of the 
materials moved in the same valleys at the present time. 

The existence of a glacial period almost necessitates that of a 
pluvial period, commencing prior to the glacial, and continu- 
ing after it, occupying a region south of that occupied by the 
ice and snow. 

We should have had no cause for surprise if, when the theory 
of a period of ice and snow in these latitudes was first broached, 
the probability of a rainy period south of the Thames had been 
also deduced from a consideration of the effects of so large a 
mass of ice and snow on the country and atmosphere bordering 
on the ice-land, but possessing a warmer climate. 

We have the evidence in almost all wet valleys of the river 
merely occupying a small groove cut in the ancient valleys, 
which valleys I believe, were shaped to their present configura- 
tion in such a rainy period as I have inferred. Every wet valley 
has a number of dry valleys opening into it, which bear the 
marks of having been shaped by water and continual showers 
during the pluvial period. 

The points of difference between other authors who have 
written respecting the Somme Valley and myself are as fol- 
lows : — 

In the appendix to Mr. Prestwich's paper in the ^Philofloj))!- 
ical Transactions,' M. Pinsard gives the height of the railway 
at La Neuville as 83 feet above the mean tide at Havre. In 
the survey made for me by M. G-uillom, Principal^PM|^of 

Aic JouB. 8gl— Sboomd Sesiss, Vol. XL VI, No. 188.— MciT. 
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the Ghemin de Fer da Nord, the hei^t is 96 feet (Mr. Preet- 
wich has marked this same level as 76, in his drawing, plate 
10. Phil. Trans. I860.)* This is just 13 feet below the real 
height. Again, in Mr. Prestwich's section, pa^ 257, PhiL 
Trans. 1864, the height of the rails at Montiers is marked 130 
feet; it should be 99 feet, according to M. GuillonL 

It is to be regretted that Mr. Prestwich was supplied with 
incorrect figures of the relative levels of the ground about 
Amiens^ as the introduction of such errors in the section must 
have materially affected Mr. Prestwich's theoretical views, as he 
says, ^^ The upper section at Montiers^ which I discovered in 
1861, was conclusive as to the relative ages of the gravel" 
(p. 248, PhiL Trans. 1864.) 

In the plan, Plate Y, Phil. Trans. 1864, accompanying Mr. 
Prestwich's memoir, the bare chalk is shown as invariably sep- 
arating the upper and lower gravels all the way from Ajniens 
to Abbeville; but I have never seen a case of the kind. 

It must be remembered that so much gravel has been re- 
moved during the last four years, that the sections are now 
much clearer; and, with the assistance of the accurate meas- 
urements of M. G-uillom, present examiners have a great ad- 
vantage over their predecessors, in examining the stmcture of 
the gravel near Amiens. 

I cannot suppose that Mr. Prestwich would now separate the 
Montiers gravels, seen in and above the railway-cutting at 
Montiers, from those in the Q-reat Montiers pit, and into two 
horizons, as there is only a difference of twenty- two feet be- 
tween the height of the gravel on the top of the railway-cut- 
ting and that in the Imperial road. As nearly the whole space 
between these two points has now been excavated, the continu- 
ity of the gravel is now proved. 

When Mr. Prestwich supposed that there was a continuous 
bare band of chalk separating the gravel in the railway-cutting 
at Montiers from the gravel near the Imperial road, and that 
the top of the railway-cutting was (according to the measure- 
ment in his section, page 257, Phil. Trans. 1864) sixty feet 
above the Imperial Road, he very naturally took a different 
view of the relations of the gravels from what we must take at 
the present time, with the additional information we possess. 

The section on Plate IV, therefore, appears to destroy 1£i. 
Prestwich's argument, on which he has constructed a divisicm 
of the gravels at St.-Acheul and at Montiers into upper valley- 
gravels and lower valley-gravels, of different ages, and situated 
on different horizons, separated, as he supposed, by a band of 
bare chalk from each other, — the upper valley-gravel beiog 

* This is calculated from the mean tide at St. Valeiy, which differs 1 foetfion 
that at Havre. 
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supposed to have been deposited before the excavation of the 
last fifty feet of the Somme valley, which excavation, he con- 
sidered, preceded the deposition of the gravels near the Im- 
perial road, Montiers. 

The chareCcter of the surface of the chalk at Montiers has 
been discussed at foil length in this paper, and shown to be 
concave at the pits; while it is represented as highly convex at 
Montiers by Mr. Prestwich and Sir 0. Lyell. 

In the long section C D (Plate IV, fig. 3,) the 8t.-Acheul 
gravel, at a height of 140 feet above the sea, is shown to be 
separated from the loess at Longueau, at a height of ninety feet, 
by an escarpment of bare chalk. The tramway (Plate IV, fig. 
1), passing from the Imperial road to the railway, crosses one 
of the supposed bands of chalk marked by Mr. Prestwich. 
But, instead of chalk, there were nine feet of ^ood gravel and 
loess exposed in this cutting. The La Neuville ballast-pit, 
exposing ten feet of gravel and loess, is also on the supposed 
outcrop of bare chalk (Plate IV, fig. 2: R 8 on the Plan). 

The outline of the sections C D and I E would at first sight 
seem to confirm the opinions advanced by Mr. Prestwich, that 
the gravel at the 140-feet level might be of a different age to 
that 50 feet below it. 

The loess, also, at Longueau, at the 90-feet level, near C, can 
be traced to La Neuville, and then up to the St.-Acheul pits 
continuously. The railway-cuttmg in La Neuville for half a 
mile is in loess, with veins of gravel (fig. 12) ; and this is seen 
to be continuous with the St.-Acheul gravel to the north, by a 
Bomber of old pits, and in the tramway. The surface of the 
chalk is concave in this part of the La Neuville valley, between 
B S and I E, so that gravel and loess would be retained on it; 
while along the lines G D and I E there is a very steep escarp- 
ment, on which no gravel would lie. This escarpment would 
be swept by the stream of the river Arve and the Somme, fiow- 
ing at its base, when swollen by large fioods, such as must have 
happened in the gravel-period. 

The only inference, I believe, that can be fairly drawn from 
the sections on Plate IV, is, that all the gravel and loess of St.- 
Acheul and La Neuville is of one period, and that it remained 
spread over the valley of the Somme where the ground was 
concave enough to retain it. The absence of gravel on the 
steep escarpments and near the river channels is a proof of 
great fioods and rapid currents during the Quatemanr period. 

I saw the railway-cutting at Montiers, soon after Mr. Prest- 
-wich's visit ; it was sloped and very much in the state it is at 
present. (Fig. 12). 

By M. GuiUom's section the depth of the chalk below the 
rails has been accurately determined at t^o ^Vcl^a^ ^\^ssc^*^ 
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sections N Q and NOP cross the railway (see figs. 8 and 9, 
Plate IV). In fig. 8, M. Guillom found the chalk 8 feet below 
the rails; in fig. 9, 14 feet below the rails. Mr. Prestwich has 
represented this railway-cutting as on one of his bands of chalk, 
dividing the yaUey-gravels into two horizons; and in conse- 
quence, I had the section NOP taken, as nearly as I could, on 
^e same line as Mr. Prestwich, because I had always remarked 
gravel in the Montiers railway-cutting, and not chalk. I also 
give a section along this railway (see fig. 12, page 324). By 
the French survey, the chalk is 14 feet bdow the rails. In Mr. 
Prestwich's section of the same place, it is 20 feet above the 
rails. This difierence of 34 feet added to the error in the height 
of rails, before mentioned, of 31 feet, makes a total idifierence 
of 65 feet in the height of the chalk between Mr. Prestwich 
and M. Guillom, supposing I am correct in placing Mr. Prest- 
wich's section on the line NOP. 

Mr. Prestwich has recently informed me that he considers 
hii section was intermediate between the lines NOP and N Q. 
As the railway-cutting ceases at the ballast-pit (fig. 12,) and 
there is an embankment to the west of that point for some dis- 
tance, it is difficult to place Mr. Prestwich's section at any 
other point than where I supposed it was taken, on account of 
the configuration of the ground. Whether there was chalk, or 
not, at any one point, is quite immaterial to my argument. I 
do not find the Montiers section at all as represented by Mr. 
Prestmch and Sir 0. Lyell. (See fig. 12, p. 324.) 

The Montiers section appears to be the one adopted as a type 
of the Somme district, first by Mr. Prestwich and afterward 
by Sir 0. Lyell. Both authors represent, in several sections of 
the Somme, a great extent of chalk, separating highly inclined 
1>eds of gravel, which they have distinguished in age by its po- 
fiition above or below this outcrop of chalk, as upper- and lower- 
or high- and low-level gravels. The sections which I place be- 
fore the Society appear to me, on the contrary, to show that 
this distinction is not a real one, but that the deposit of gravel is 
one and continuous, deposited in concavities of an ancient chalk 
▼alley, and is not highly inclined as represented in the ^ Antiq- 
uity of Man ' and the ^ Philosophical Transactions/ 

In page 264, Phil. Trans. 1864, Mr. Prestwich gives a the- 
oretical account of the view he takes of the deposition of the 
gravels. Part of the upper-level gravels are represented as re- 
maining untouched, while the valley is cut down 50 feet, and a 
Bewer set of gravels deposited at lower levels; my sections show 
that there is no evidence of any such action. 

The same views are extended by Mr. Prestwich to the loess 
deposit; the loess of St.-Acheul is considered a muck q\.^^\ ^^ 
posit than the loeaa at Montiers. 
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Mr. Prestwich lays great stress, in his paper in the Sodety'i 
Journal, p. 500, on the valley being too lai^ to admit of the 
possibility of ita being filled with water up to a height of 100 
feet above the present water-level. 

I have already submitted the argument that we ought to 
judge of the height of a dood by means of the debris it hu 
left, and not by any theoretical notions of our own. 

In 1S66, twenty inches of rain fell in Scinde in twenty-four 
hours, in a flat country intersected by rivers. Nine girders, 
weighing nearly eighty tons each, were washed o£F the piers by 
the MuUcer river from the Railway bridge, situated sixteen 
miles above Kurrachee (fig. 13). TMs bridge consisted of eight- 
een girders (see Plate iV, fig. 10). They werenot box girders, 
but made of wrought iron on Warren's system. The ^ttomi 
of these girders were sixty-five feet above high-water mark, 
spring tides, Kurrachee harbor, and seventy-four feet above low- 
water spring tides. They fell in the course of six hours; and 
one girder of the weight of eighty tons was carried two milea 
down the river and nearly buried in sand.* The section of 
the river bridge is represented (Plate IV, fig 10), The fall of 
the Mullecr river onlyaveragcd ten feet per mile for fifte^i miles 
above the bridge; and as rain rarely falls, there is generally kn 
than a foot of water in the river-bed. This bed was nearlydiy 

Fig, 13. — Map of the district near Kurrachee. 




the day after, as well as the day before this excessive ruD&Il. 
Other instances of the same kind have been reported from In- 
dia. The river first banked up wood and grass against the 
bridge and then threw the girders over. The weight of these 

firders moved in a river-bed of the dimensions given (Plate 
V, fig. ll)f is an index of the rainfall in Scinde, just as the 

* Mr. Jolui Sninton, F.Q.8., Chief Engineer of the Scinde RaUwaj. wu pnwnt 
St the MeotJDg, and cooarmed thiB BtBtemeDt, which be had pr«viona^ ^fen mt- 

t FigB. 10 and 11. Plato IT, are (Wan drawings auppUed by Mr. W. A. Bnift- 
too, 0. £. 
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fluviatile beds at Amiens are an index of the current of the 
Somme^ of its flood-level^ and the force of its stream. We 
cannot determine the rainfall at Amiens in the Quaternary 
Period except by its results in the form of gravel-deposits; and 
these appear to give as good indications as the fall of the Mul- 
leer bridge girders does of the flood in that river. 



Art. XXXI. — On the Artificial Formation of Organic 8vb* 
stances; by 0. Grevillb Williams, Esq., P.R.S.* 

Chemical researches are liable at various epochs to take 
special directions. Before 1830 organic chemistry was compar- 
atively little studied. The simplification of the methods of 
organic analysis by Liebig took place at a most opportune mo- 
ment, and gave an extraordinary impetus to the study of car- 
bon compounds. So great was this influence that proximate 
and ultimate ancUysis made a progress, the rapidity of which 
was unexampled in the history of science. 

But chemists soon became dissatisfied with merely determin- 
ing the composition of substances, and they very soon beffan 
eagerly to study their products of decomposition, and in niis 
manner get a clue ip the way in which nature had put them 
together. 

The successful attack on this problem led to a much grander 
one suggesting itself. This was to utilize the insight analysis 
had given them into the constitution of substances, and to en- 
deavor to build them up without the assistance of life. The 
speaker showed that we thus arrive at the two great engines of 
chemical research, analysis and synthesis. 

He then proceeded to define and iQustrate experimentally 
these terms. 

In organic chemistry the information supplied by the analysis 
of a substance often renders its synthesis easy. Water was de- 
composed by a battery, and its properties and quantitative re- 
lations shown. The mixed gases were then introduced into a 
soap-bubble, so prepared as to last a considerable time. It was 
by a simple contrivance attached to a thread, and the lightness 
OT the enclosed gases was shown by the fact that the bubble 
was able to raise the thread and a disc of paper into the air. 
The energy with which the mixed gases combine to form water 
was then shown by applying a light to the bubble, when it burst 
with a loud report. The quantitative synthesis of water was 
experimentally shown by passing hydrogen over cupric oxyd in 
an apparatus which allowed of the collection of the water. It 

* Prom the Proceedings of the Boyal InBtUutioii of Great BtV^aao^UK) ^ A"^^"^* 
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woB then shown that in organic chemistry the molecules aie 
too complex to be put together so easily; and this statement 
was proved by reference to the constitution of methylamine, 
the simplest of the organic alkaloids. 

The speaker then went somewhat iully into the question of 
the propriety of the use of the terms " organic " and " inor- 
ganic." He shewed also that all the attempts hitherto made at 
separating chemistry into two distinct branches had failed. 
Liebig's definition of organic chemistry as the " chemistiy of 
compound radicals " being obviously inadequate, inasmuch as 
some compound radicals (such as salphurylandpho6phoryl)are 
certainly inorganic. 

Laurent's definition, " chemistry of carbon/' is equally in- 
sufficient, inasmuch as carbonic anhydrid and carbonic tetra- 
chlorid are as clearly inorganic as sulphuric anhydrid or sodic 
chlorid. He then proceeded to argue that chemistry was " one 
and indivisible," and stated that one of the chief aims of his 
discourse was to prove that assertion. 

It was shown that until within the last few years, all the 
specific attempts made to break the apparently natural barriers 
between organic and inorganic chemistry had proved failures. 

It was true that in the course of innumerable researches and 
experiments made by chemists, one or two of the simple organic 
bodies had presented themselves; but, like urea and cyanc^en, 
they were substances which, as it were, hovered on the confines 
of inorganic chemistry, and would have been called inorganic 
had they not contained carbon. 

The grand problem, which consisted in taking the elements 
themselves, and building them up gradatim into the proximate 
principles existing in the tissues of plants and animals, un- 
til lately appeared almost hopeless. This apparent difficult? 
was shown to arise from the mistake of supposing the proxi- 
mate principles of animals and vegetables to result from an oc- 
cult power vaguely termed the " vital force." It was at one 
time supposed that the laws which regulate combination were 
either suspended or modified in the tissues of living creatures, 
but the speaker urged that whenever the proper reagents were 
made to act upon each other under the proper conditions, the 
same substances were produced which at one time were sup- 
posed to require the aid of vitality for their formation. 

The problem of the " synthesis," or building up of the so- 
called organic substances, was then shown to present itself (in 
the present state of chemistry) under two aspects : — Ist. Where 
they are prepared by the aid of reagents, which have themselves 
been ])roduced directly or indirectly from animals or vegetables. 
2nd. Where the synthesis was eifected from the free elements 
tbemselveaj from hydrogen anOi -jutq ^»xWi. 
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The speaker then proceeded to enumerate some of the prin- 
cipal instances where substances originally derived from animals 
or vegetables had been formed synthetically. Wdhler's synthe- 
sis of urea was shown to be one of the earliest in point of date^ 
and his method was described, and also Kolbe's new process by 
the mere heating of ammonic carbonate to a point just below 
that at which urea is decomposed. 

One of the next most important steps in the history of 
synthesis was shown to be the conversion of carbonic disulphid 
into carbonic tetrachlorid or perchlorinated marsh gas. Inas- 
much as carbonic disulphid is a purely inorganic body, it is evi- 
dent that any substance which can be formed from it is a case 
of true synthesis. 

Ths following equations represent the steps by which acetic 
acid may be produced from carbonic disulphid : — ^ 

CS^ + 601, = CCl, + 2(801 J 

Oftrbonie Curbonio Solpharie 

dUnlphld. tetrachlorid. tetrachlorid. 

2(C01J = 0,01, + 201, 

Carbonle Carbonic 

tetrachlorid. dlchlorld. 

0,01, + 01, = 0,01. 



Carbonic dlohlocid. Carbonic trlehlorld. 

0,01. + 2(H,0) = 0,HC1,0, + 3(H01) 

N , ' V , ' 

Oaxboolo trlehlorld. Trichloracetic add. 

0,H01,0, + 3H, = C,H,0, + 3H01 

^ y ' > ^ ' 

Trichloracetic acid. Acetic add. 

This important series of reactions, then, result in the pro- 
duction of acetic acid, one of the most marked of the so-called 
organic acids, from purely inorganic materials. 

The synthesis of oxalic acid by the direct union of carbonic 
anhydrid with sodium, as recently accomplished by Dr. Drech- 
sel, was next described, and it was shown that as oxalic acid, by 
mere distillation, yields formic acid, the synthesis of the first 
acid leads directly to a new synthesis of the second. 

The other modes of effecting the synthesis of formic acid 
were then pointed out, viz : — Berthelot's process, which consist 
in heating potassic hydrate in an atmosphere of carbonic oxyd; 
and Kolbe and Schmidt's methods, by exposing potassium to a 
warm moist atmosphere of carbonic anhydrid. 

The speaker, in the course of his remarks on the constitution 
of formic acid, showed that the quantity of oxygen in it was so 
large that it only required one atom more to convert it into 
caiT)onic acid and water. Its easy oxydation was illustrated by 

[• 0=12, 0=16, S=32, eto'\ 




330 O. G. WiUiama an Organic Substamces. 

letting it fall on plumbic dioxyd in an apparatos which caused 
the evolved gas to pass into a solution of baric hydrate, the re- 
sult being a copious precipitation of baric carbonate. 

Having shown that acetic acid can be formed from carbonic 
disulphid and the chlorids of carbon, and oxalic and formic 
acids from the oxyds of carbon, the speaker proceeded to indicate 
the modes in which complex bodies, hitheito obtained from an- 
imal and vegetable sources, can be built up from elemental car- 
bon and hydrogen. 

If carbon can only be made to combine directly with hydro- 

n, no matter how simple the resulting compound may be, it 
omes possible to effect the synthesis of a vast number of the 
most characteristic substances found in animals and vegetablei. 

This brilliant result has been accomplished through the 
agency of acetylene, a most remarkable hydrocarbon which was 
first noticed by Edmund Davy as long ago as 1836. 

There are two methods by which acetylene can be ionned 
from inorganic materials — one devised by Berthelot, and die 
other by the speaker. The first consists in passing a stream of 
hydrogen through a globe in which the voltaic arc (from 70 or 
80 cells of a Q-rove's battery) is produced between carbon pomts. 
At this tremendous temperature the carbon unites directly widi 
the hydrogen. The experiment was made, and the production 
of acetylene shown, by the formation of a precipitate in a solu- 
tion of ammoniacal cuprous chlorid. 

The speaker then showed, experimentally, that much larger 
quantities of acetylene can be formed by the decomposition by 
the induction spark of carbonic tetrachlorid in presence of hy- 
drogen, in accordance with the equation: — 

2(CC1 J + 5H3 = C,H, + 8(HC1). 

The experiment succeeded perfectly, and a large quantity of the 
cuprous acetylid was rapidly produced. 

But the most simple and ready means of preparing acetylene 
was shown to be by drawing air through the flame of a common 
glass spirit-lamp, by means of an aspirator. 80 readily is the 
cuprous precipitate obtained by this means, that it suffices to 
draw a few cubic centimeters through the solution of ammoni- 
acal cuprous chlorid to obtain evidence of the presence of acety- 
lene in the flame. The experiment was then made, and in a 
few seconds the solution became thick with the suspended pre- 
cipitate. 

The speaker had ascertained that all the homologues of ole- 
fiant gas give acetylene in abundance when subjected to the 
induction spark. Amylene does it readily in accordance with 
the annexed equation: — 
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2(C.H,,) = 5(C,H,) + 5H,. 

> , » V , > 

Amjlene. Acetjlene. 

That the spark acted only in consequence of its high tempera* 
ture, the speaker said^ is rendered probable by the fact that if 
hydrogen be passed through carbonic tetrachloride and then 
into a globe containing a platinum spiral, when the latter was 
heated to dull redness by three cells of a Grove's battery, no 
acetylene was produced; but when five cells were used, and the 
spiral became white hot, the cuprous precipitate was obtained 
readily. The same result was stated to occur with amylene. 

Simple as the formula of acetylene is, almost all the animal 
and vegetable substances which have been formed hy pure syn- 
thesis may be obtained from it. 

The following equations represent the steps by which alcohol 
may be "synthesised." It is proper to premise that the con- 
version of acetylene into defiant gas is accomplished by treat- 
ing the cuprous acetylid with zinc and ammonia, so as to ob- 
tain nascent hydrogen : — 

Aettjlene. Sthrlene. 

0,H. + H,SO« = H, C,H.SO. 

> — , > > ^ ' 

Bthjlen*. Eth)rl-«iilpharieaeid. 

H, C,H,SO , + H,0 = 0,H,0 + H,SO, 

Xthyl-aalphnrie add. AlcohoL 

The synthesis of succinic acid from acetylene was next shown 
in accordance with the annexed equations, omitting the synthe- 
sis of ethylene, which has been already given: — 

C,H, + Br, = C^H^Br, 

V ^ f > y > 

Ethylene. Ethylenle dlbromldL. 

C.H.Br, + 2(KCN) = C,H,(ON), + 2(KBr) 

> . » » ^ f y y ' 

SthTlenlo PotaMie BtbjrlaDio 

dilxrainid. era&id. dieranid. 

C,H,(CN), + 2(KH0) + 2(H,0) = C,H,K,0, +2(NH), 

* » * N , ' 

XUtylenle dieranld. Potaaslo sneeinate. 

This mode of effecting the synthesis of succinic acid is due 
to the researches of Maxwell Simpson. 

The beautiful appearance of succinic acid under the influence 
of polarized light was shown by the aid of the electric lamp. 
The specimen used had been artificially prepared. 

The speaker then proceeded to show that the synthesis of 
Buccinic acid was a direct step to that of tartaric acid. This 
latter reaction is due to the researches of Perkin %xA \^\^y^^ 
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The artificial formation of Buccinic acid, starting with acety- 
lene^ having been proved, it is only necessary to start with 
that acid to prove the synthesis of tartaric acid from acetylene:— 

C.H.O, + 2Br, = C,H,Br,0, + 2HBr 



Snoeinie acid. DfbrooMMiieeiiiio add. 



C,H,Ag,Br,0, + 2(H,0) = C.H.O. + 2(AgBr) 

V . ' ^ , ^ 

ArventiedibcomogaodnAto. Tarterk acid. 

The speaker then proceeded to show how the sjrntlieBis of the 
organic alkaloids could be effected from inorganic materials. 

In the first place the fact that cyanids can be produced br 
heating carbon in presence of nitrogen and an alkali^ is weU 
known. The next step is to procure prussic acid by distiUing 
cyanids with acids. From pure prussic acid, methylamine, the 
smiplest of the primary monamiues, can easily be obtained, 
either by the aid of nascent hydrogen, or free hydrogen in the 
presence of spongy platinum. 

CHN + 2H, = OH,N 

ProMie add. Methylamlna. 

This equation has been realized by both the methods given 
above, the first by Mendius, the second by Debus. 

It is also evident that as alcohol can be obtained from acety- 
lene, that all the ethylic, primary, secondary, and tertiary mon- 
amines of Hofmann can now be synthetically formed. The 
steps being, (1) conversion of acetylene into defiant gas; (2) 
passage of defiant gas into alcohol; (3) alcohol into lodid of 
ethyl; (4) action of iodid of ethyl on ammonia. 

Again, acetic acid it has been shown, can be prepared from 
carbonic disulphid. Now acetic acid, by the action of a red 
heat, can be made to yield a number of the homologues of de- 
fiant gas. The latter by treatment with excessively strong hy- 
driodic acid, become converted into the iodids of the alcohol 
radicals (Berthelot). By following up this last reaction with 
pentylene, heptylene, octylene, and nonylene, the speaker suc- 
ceeded in obtaining pentylamine, heptylamine, octylamine, and 
nonylamine. 

The direct ascent from acetylene to the coal tar colors was 
then shown according to the following equations: — 

3(0^,) = C JH^ 

Acetjlene. BensoL 

cja. + HNO, = c.H.yo, + h.o 

BenaoL Mtiobeiuol. 
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C.H.NO, + 6(FeO) + H,0 = C,H,N + SCFe^O,) 

Nitrobenaol. Anfllne. 

O.H.Br + CH,Br + Na, = C,H, + 2NaBr 

BromobcBBoI. Methrlio Biomid. TolnoL 

O.H,N + 2(C,H,N) = C^,H,,N. + 3H. 

AnlUne. ToloidlxMi. RoMtoiUne. 

These transformations were all described at length. In effect 
acetylene passed through a red hot tube becomes polymerized 
into benzol. 

The passage of toluol into nitro-toluol and toluidine is omit- 
ted in the above equations^ because the reactions are identical 
in kind with those of benzol into aniline. 

In describing benzol, experiments were shown illustrating 
the density of its vapor as compared with air. In one of these, 
benzol was poured into a large beaker containing a hot iron ; 
at first the benzol assumed the spheroidal form, but, as the 
temperature fell, it became converted into vapor, which filled 
the beaker. A glass syphon was then introduced into the 
"beaker, and the vapor drawn off as if it had been a liquid, and 
inflamed. The vapor descending through the syphon was then 
received into a warm beaker, from which it was decanted into 
another beaker in which it was inflamed. 

The speaker then proceeded to show the way in which the 
synthesis of zinc-ethyl could be effected ; it is, however, un- 
necessary to follow the equations in detail, because, having al- 
ready explained the manner in which alcohol can be syn- 
thesised from acetylene, it is obvious that zinc-ethyl can be 
directly derived from that fluid, 

Wanklyn's interesting synthesis of acetic acid from sodium- 
methyl was then shown to take place in accordance with the 
expression : 

CH3Na+CO,=C,H3NaO, 

Bodium-methjL Sodlc ftcetate. 

The method appears to be general, inasmuch as the same 
chemist has effected the synthesis of propionic acid : 

C,H3Na+C03=C3H,NaO, 



. y ' 

Sodiom-etbyL Sodie propionate. 



And substituting carbonic oxyd for carbonic anhydrid, we 
have — 

2(0H3Na)+C0=C3H,0+2Na 

> — , — f 

Acetone. 
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The speaker stated that one of the most interesting of tbe 
cases of synthesis recently accomplished was that in whidi 
Mr. W. H. Perkin had succeeded in producing artificially the 
odoriferous principle of new hay and the tonquin bean. 

The delicious fragrance of new hay is entirely due to the 
presence of the sweet-scented vernal grass^ anihoxanthum odo- 
ratum. It is the same substance which is the canse of ite 
sweet smell of the woodruflT^ aspenda odorata ; and the meli- 
lot, melUotoa officinalis. It is also the flavoring ingredient 
in the mai wein oi the Germans, which is perfomed with 
woodruff. 

Until lately, nothing was known about comnarin, except 
that it was a colorless crystalline body, having the formula — 

C.H.O,. 

The crystals of coumarin appear very beautiful under the 
influence of polarized light. The image of some artifidal 
coumarin, which had been fused and allowed to crystallize in i 
plate of glass, was then thrown upon the screen, and the light 
being polarized by the aid of Nicol's prisms, the crystals as 
sumed the most gorgeous and varying colors as the prisnu 
were rotated. 

The clue to its constitution was shown to be the circum- 
stance that when heated with potassic hydrate it yields sa- 
licylic and acetic acids. The production of salicylic acid from 
coumarin was then shown experimentally, the presence of the 
acid being proved by its yielding a deep purple coloration with 
ferric chlorid. 

Artificial coumarin was obtained from the hydrid of salicyl 
By treatment with sodium it yielded hydrid of sodium-salicyl; 
this substance, heated with acetic anhydrid, gave hydrid of 
aceto-salicyl. This last substance was then distilled with acetic 
anhydrid and sodic acetate, and when the temperature reached 
290°, the distillate solidified to a mass of crystals of pure 
coumarin, having all the fragrance and beauty of that obtained 
from the tonquin bean. 

The speaker then submitted that the assertion he had made 
at an early period of his discourse that there was no natural 
barrier between organic and inorganic chemistry, had been 
amply proved by the instances he had brought forward. He 
said that they had studied together that evening several cases 
where, starting from inorganic matter, they had ascended 
step by step until they had reached some of the most com- 
plicated bodies secreted by animals and vegetables. What, 
he said, could be more distinctly inorganic than nitrogen, car- 
bon, and oxygen ? What more distinctly an animal secretion 
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than urea ? What more completely inorganic than acetylene? 
What more distinctly vegetable in origin than coumarin ? 

Chemists have then, so far, done what a very few years ago 
wonld have been regarded as possible only by aid of the vital 
force. A true organized substance, he said, is so definite that 
we can almost invariably determine its molecular weight, and 
it is generally crystalline. But when we come to the tissues we 
are dealing no longer with organic substances, but with organ- 
ized beings, and feel that we are approaching the barriers 
which separate the study of life from the study of matter. 
The bonds which unite them are so close that we cannot ima- 
gine life without matter, and it is equally difficult to conceive 
the assumption of vitality by matter ; but we must never cease 
to look anxiously for the solution of the problem. The im- 
possible is a horizon which recedes as we advance, and the 
terra incognita of to-day will to-morrow be boldly mapped 
upon every schoolboy's chart ! 



Abt. XXXII. — Notes on the Caucasus ; by Capt. F. von 
KoscHKULL. (XJonmiunication addressed to rrof. J S. 
Newbebby, ana translated by him for this Journal.) 

(Continued !W>m page 222.) 

Aside from the ores which have been mentioned and which 
are associated with the igneous and crystalline rocks, the sedi- 
mentary formations also contain minerals of value. 

The inferior strata of the Jurassic formation include impor- 
tant beds of coal, which are found on both slopes of the main 
chain of the Caucasus, the richest deposits being in the north- 
western portion of the belt between Mt. Elbruz and Mt. Tisent. 
In the northern part of this area, coal has been discovered in 
the valleys of the Kuban and its affluents, Maraukle, Zelen- 
tschuk, IJrup, Laba and Belaya. During the last ten years 
coal has been mined on the Kuban to tne amount of about 
4^000,000 kilograms per annum. 

On the southern slope of the mountains, the beds of coal crop 
out on the banks of the upper Bion and its tributaries from 
the north, and have an aggregate thickness of about 28 feet. 
Except an insignificant quantity of a peculiar quality of coal, 
of which the inhabitants make ornaments, rosaries, buttons, 
brooches, etc., the coal of the Rion is not yet mined, the 
abundance of wood in that region fully supplying the present 
want of fuel ; but with the construction or the proposed rail- 
road from the Black sea to the Caspian these rich deposits wiU 
undoubtedly be brought into use. 
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The Jurassic strata of the CaucasaB also contain rich depos- 
its of sulphur. These are found in the eastern part of the 
mountain belt on the river Sulak. During tihe war with 
Bussia the mountaineers obtained from this localily sulphur 
for the manufacture of gunpowder ; but since their submissioB 
the mines have been entirely unworked. 

Salt, alum, petroleum and asphaltum are met with inihe 
Tertiary formation. The salt occurs in two forms, vis: that d 
rock salt, of which thick and wide-spread strata have been 
found, and that dissolved in or depositcKi from the water of salt 
lakes. The principal beds of rock salt are in the valley of the 
Araxis, both east and west of Mt. Ararat, and geologically an 
lower Tertiary. These deposits of rock salt have evidently beea 
known and worked from the most remote period ; as among 
the modem mines are numerous and extensive ancient woik- 
ings of which no historical record exists. 

In 1865, when engaged in a survey of the salt district, my 
attention was attracted by some of these old mines, which irm 
regarded by the inhabitants as natural caves. 

I soon satisfied myself, however, that they were the work of 
man, and resolved to explore them. My guides would fidn 
have dissuaded me from carrying the plan into execution, as 
their imagination had peopled all these subterranean passages 
with evil spirits, of which they stood in great fear. Disiegaid- 
ing their superstitions, I penetrated one of the ancient adits, 
and partially explored what proved to be a very extensive and 
fairly well wrought mine, evidently of great antiquity. At the 
remote end of some of the galleries I found heaps of mined 
salt and hundreds of tools of various forms and sizes, either 
perfect or more or less worn and broken. These implement 
were for the most part picks or pick and hammer combined, 
varying from 5 to 15 inches in length, wrought with great labor 
and considerable skill out of a tough hornWendic rock. None 
of these tools were pierced for the insertion of handles, but all 
were encircled by grooves for the reception of withes or thongfii 
In this respect, as in the character of the material of which 
they were formed, resembling many of the stone implements of 
Europe, and being apparently the product of the same age, or 
more accurately speaking, of the same stage of intellectual 
development. 

The salt lakes of which I have spoken occur on the peninsu- 
las of Taman and Apscheron, and on the plains bordering the 
rivers Terek and Kuban. From the concentration of the saline 
solutions of these lakes in summer, on many of them a eras: 
of salt forms, which attains a thickness of from three to six 
inches. This crust is collected by the inhabitants for use. 
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The total production of salt in the Caucasus is about 
24,000,000 kilograms of rock-salt, and 16,000,000 kilograms of 
lake-salt per annum. 

Aside from the salt lakes to which I have referred, there are 
others in the valley of the Kur and Araxes, of which the 
waters contain large quantities of sulphate of magnesia and 
carbonate of soda. 

Alum stone, which is very rich in alum, occurs on the 
northern slope of the Little Caucasus, and there is produced 
from it a yearly product of about 16,000 kilograms of alum. 

Of the minerals of the Tertiary formation, by far the most 
important are petroleum and asphaltum. Ail the accumula- 
tions of these substances are in the upper Tertiary strata, and 
are distributed geographically in several districts, of which the 
most important are the extremities of the great Caucasian chain, 
which form the peninsulas of Taman and Abscheron ; on the 
flanks of the mountains on the north, in the valleys of the trib- 
xitaries of the Kuban, and of the river Saundga (Sundscha) ; 
on the southern slope, in the valleys of the Bion and Kur. 

A considerable degree of system is noticeable in the distiibu- 
idon of the springs of petroleum in each of these districts, and 
they are found to bear certain relations to the principal lines 
of upheaval which traverse them. Sometimes the springs issue 
from the summits of the anticlinal axes, and sometimes in par- 
allel lines along the slopes of the upturned strata. The petro- 
leum of the Caucasus consists of two well marked varieties; one, 
very fluid, of a light yellow color, found only on the peninsula 
of Abscheron; the other, dark brown in color, varying in density 
fix>m that which is very thin to mineral tar and asphaltum. 
Carburetted hydrogen gas issues from all the petroleum springs, 
and is most abundant where the petroleum is lightest. 

The oil springs of the Caucasus have been known and the 
oil collected from them for ages. Upon the peninsula of Ab- 
scheron, and on the banks of the Saundga and Kur, the petro- 
leum is collected in pits of greater or less depth excavated in 
the sandy strata of the Tertiary age. The deepest of these pits 
descend from 70 to 100 feet from the surface, while the shallow- 
est are only two feet. 

In these pits the oil is accompanied by water, from which it 
is dexterously separated by skimming. The instrument by 
which this is effected is a sack of green hide, the mouth encir- 
cled by an iron ring, the sack being suspended by a cord. 

As a general rule the wells are skimmed once a day. The 
quantity of petroleum obtained from the different pits is very 
variable, but is nearly constant for the same pit. Tlie opening 
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of new wells in the vicinity of old ones seems not to aflbct die 
yield oi the latter, so that the productiveness of a given ant 
depends directly on the number of wells which it contaiiH. 
This fact has determined the method pursued in the collection 
of petroleum on the island of Tschelaken and on the eastern 
shore of the Caspian, where to obtain a large quantity of oQ 
20,000 wells have been sunk, but none to any great deptL 
The Persians, who were the first to collect the oil of the penin- 
sula of Abscheron, seem to have followed the same system of 
exploitation. 

The number of wells dug there is very great, and they in 
very closely approximated. In 1863, a new well was sunk bf 
the side of one which had for centuries yielded about 1,600 
kilograms of petroleiun per day. The new one now produoei 
19,200 kilograms every twenty-four hours without affecting in 
the least the vield of the old well. 

In 1865, the method pursued with so much success ii 
America in the exploitation of petroleum was introduced into 
the Caucasus and with complete success. In a locality selectrf 
by myself, near some oil springs in the valley of one of the 
tributaries of the Kuban, a well was commenced in the abon 
mentioned year. At the depth of 40 feet encouraging signs vcR 
met with, and in Feb., 1866, when the boring had reached i 
depth of 242 feet, the petroleum burst out in a jet which «» 
maintained at a height of 42 feet until controlled. 

At first the production of this fountain well was 32,000 kflo- 
jii^ams per day, but the yield gradually diminished to aboat oM- 
half that amount. There have since been periods when tta 
flow was entirely arrested, but apparently in consequence of dK 
clogging of the well, as when cleaned out, the normal flowwi 
resumed. 

During 57 days in 1866 during which the flow from tki 
well was carefully measured, the production was 880,000 kilo- 
grams of petroleum, with one-tenth of that quantity of wat^ 
and during 196 days of service this well has prodocci 
2,160,000 kilograms of oil. 

The temperature of the oil as it flows from this well is 7" 
Reaumur, that is to say, 3^ less than it should be according ti 
the gcothermic law for a liquid drawn from a depth of 242 ft* 
below the surface. Can this depression of temperature be tf- 
tributed to the absorption of heat in the conversion of a portia 
of the petroleum into gas ? 

I learn by a letter recently received from the Caucasus tta 
a new well sunk in the vicinity of that just described, havi* 
reached in November last the depth of 258 feet, opene3i 
fissure from which the oil issued ^vitll such force as to formaj* 
60 feet in height, anA. ^-id^m^^^^fiO kilograms of oil perdij. 
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In addition to the petroleum produced by the wells and 
iprings in the valley of the Kuban, of which no accurate 
neasurement has yet been made, the total annual yield of the 
>il region of the Caucasus may be estimated as follows : 

KUofnma. 

1. Petroleum produced on the peninsula of Abscheron, 8,640,000 

2. " " in the vaUey of the Kur, 192,000 

3. •* " " " ** Saundga, 320,000 

In all the oil districts of the Caucasus in the vicinity of the 
)il springs, deposits of asphaltum and ozokerite have been 
iiscovered. Not long since a beginning was made in the use 
)f these substances for the manufacture of paraffine, and the 
imount now obtained from this source is 100,000 kilograms 
per annum. 

No sketch of the physical geography of the Isthmus of the 
[Caucasus can be considered complete which does not include 
lome notice of the action of subterranean forces which even 
aow are producing many striking phenomena. The continued 
ictivity of the causes which in former periods so completely 
changed the topography of this region, is manifested by fre- 
quent earthquakes, by eruptions of mud volcanoes, and by 
numerous thermal springs. 

As regards the earthquakes, the Isthmus of the Caucasus 
[nay be divided into several sections, each of which has its 
center of action. On the northern slope of the great Caucasian 
range, one of these shaken districts lies north of Mt. Elbruz, 
including the area drained by the tributaries of the rivers 
Kuban, Kuma and Malka, with its center near Piatigorsk. 
The other northern district includes all the space on the south- 
Mtst of the river Terek, with its center at Grognaga. On the 
louth side of the Great Caucasus one district is formed by the 
ower valley of the Kur, with its center near the city of 
3chemakha. The second district includes the middle portion 
rf the valley of the Kur, with its center at Tiflis ; while the 
bhird district comprises the northern part of Persia and Asia 
Minor, having its center in Mt. Ararat. Earthquakes are so 
i^ommon in the Caucasus that they may be almost said, like 
bhe sunrise, to form part of the daily experience of the 
inhabitants. 

The severity of these earthquakes varies greatly ; some are 
berribly destructive, as was that which a few years since de- 
itroyed the fortress of Nazrau on the north side of the Cau- 
sasus, and that other which nearly demolished the city of 
Bchemakha. 

The mud volcanoes now, or recently in action, are for the 
most part confined to the extremities of the great Caucasian 
chain, that is, to the peninsulas of Abscheron Q.\!L<i T.^\s^sksl« 
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These mud volcanoes generally form conical Iiills from 200 to 
1,000 feet in height, on the Bummits of which are craters with 
many cones of eruption. The diameter of the craters is Bome^ 
times considerable (as much as 700 feet). 

The ordinary and moderate action of these volcanoes k 
sometimes interrupted by paroxysms of great violence, attended 
by copious eruptions and by earthquakes. The phenomeni 
displayed by one of these volcanoes when in vigorous actioa 
was first described by the famous naturalist and traveler, Pit 
las, in 1793. This was situated on the peninsula of Taman, 
wliere precisely similar exhibitions may be now observed. 
Kew cones are also produced now, as formerly, and it has been 
observed that they are formed along certain well defined linei 
which coiTcspond accurately with the principal axes of elera- 
tion which traverse the Isthmus. 

On the peninsula of Taman the ejections from the mud vol- 
canoes are found covering many of the mounds which contah 
the tombs of the ancient Greek colonists who inhabited thii 
region. At the other extremity of the Caucasus in May, 1861, 
an island was formed by volcanic eruptions in the Caspian Set, 
between the peninsula of Abscheron and the moutn of die 
Kur. In the course of a few months this island was crashed 
away by the waves. 

The thermal springs to which I have alluded, are for tkc | 
most part confined to the flanks of the main chain and of the 
Little Caucasus. Yet they are sometimes found in the moiia- 
tains at a considerable elevation. All these springs form ce^ 
tiiin groups disposed in lines parallel with the great axes of 
elevation. The water of the hot springs sometimes reaches the 
temperature of 72*^ Reaumur, but in this respect as well asia 
regard to the matters held in solution, there are marked diffir- 
ences between the diflferent springs even when closely approi 
mated. 

The most remarkable groups of springs are on the northem 
side of the principal chain of mountains. Ist. Those north rf 
Mt. Elbruz, near the city of Pjatigorsk, interesting from the 
number of the springs, and the peculiarity and diversity cf 
their waters. 2na. On the river Soundja. "These are snlphflr 
springs, and some of them very hot (72^ Reaumur). 3nl. ^ons 
the river Saulak, also sulphurous, with a temi)erature of 4f 
Reaumur. 4th. On the Kuban ; like the last sulphur sprinss, 
and having the same temperature (42° Reaumur). 

youth of the Great Caucasian chain are three groups of hrt 
springs, one in the city of Tiflis, sulphurous water, with i 
t3mperature of 30^ Reaumar ; another near the city of Schetn- 
akha ; the third in the mountains of Karthlo-Imeritia ; tli 1 
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latter group is remarkable for the diverisity of character ex- 
hibited by the different springs. 

Even in this brief description of the Isthmus of the Cau- 
casus, it seems necessary that something should be said of the 
relations which exist between the orography and the climate, 
population and productions. 

The principal chain of the Caucasus divides the country 
into two districts, which present marked differences of climate. 

The plain drained by the rivers Terek and Kuban passes 
imperceptibly on the north into the steppes of Southern 
Bussia. The southeastern portion of this plain bordering on 
the Caspian Sea is represented by broad sandy surfaces and 
extensive " salt-pans )" while the interior and western portions 
consist of low prairies, marshes and mud flats. In consequence 
of these conditions this plain is entirely abandoned, during the 
innter, to the cold ana snows brought by the north winds 
Bx)m the plateaus of Southern Bussia and from the Ural 
Mountains. The proximity of the Black Sea scarcely serves 
to moderate the severity of this season, and on the banks of 
\h» Kuban and Terek the snows of winter are deep and the 
mercury often falls to - 20° Reaumur. During the summer, on 
the contrary, fair weather prevails, and in this portion of the 
fear the sur&ce of this plain, destitute of forests, is heated to 
ftn almost insupportable degree. At times refreshing winds 
blow from the south and southeast, coming from the mountains 
or from the Caspian, bringing rain storms and cooling the earth 
Uid air. The summer is, however, generally excessively hot, 
the mercury rising to 30° Eeaumur. 

The southern portions of the Caucasian Isthmus are com- 
pletely sheltered from the north winds by the great mountain 
barrier to which reference has been so ttequently made. On 
the east and west this region is open to the influences of the 
Caspian and Black Seas, while its climate is somewhat influ- 
anced by the wall of mountains which in Northern Persia and 
/Lsia Minor bound it on the south. In consequence of these 
sircimistances no considerable degree of cold is felt here. 
This is specially true of the valleys of the Bion and Kur, 
srhere frosts are very rare, and where the mercury never falls 
bdow 5° E. Snow almost never covers the country, and 
irhen it falls remains but a few hours. The winter is short as 
Rrell as mild, and generally consists of but a brief rainy season. 
Dn the other hand the summer is long and warm, and but for 
Ibe influence of the neighboring seas the heat would be 
unbearable. 

The mountains of Karthlo-Imeritia exert an influence on 
tbe climate of the valleys of the Rion and K\rc ^\^Odl ^L^ae^sr^^b^ 
to be noticed Front its transverse diiectiou ^b^xo^'^^ "^^ ^^^'^n. 
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valley — if such it ma^ be called— drained by the Bion and 
Kur, it forms a bamer limiting the influence of the Black 
Sea on the east, and of the prevailing southeast winds which 
sweep the valley of the Kur. To the protection afforded by 
this chain the luxuriance and humidity of the valley of w 
Bion must be ascribed, as but for this obstacle the southeast 
winds of summer, having parted with their moisture in the 
lower part of the valley of the Kur, would carry their dessica- 
ting influence even to the shores of the Black Sea. The climate 
oi the Little Caucasus, and the valley of the Araxes, on account 
of their elevation, is a little colder in winter than that of the 
valleys of the Bion and Kur; but in summer it is perhaps as hot 

The proximity of the Isthmus of the Caucasus to the cradle 
of the human race, its climate, the richness of its flora and 
fauna, its mineral resources, and finally the beauty of its 
scenery, have made it the favorite abode of many nations. 
Not only do the writings of the ancient historians. Herodotos 
and Strabo, prove that this country was inhabited at a time 
very remote from the present, but the traces of human occnpa-, 
tion of still earlier date scattered over all portions of it, indicate 
thiit anterior to the historic period it was possessed by varioiu 
races greatly differing in their degree of civilization. 

Stone implements are frequently found in the valley of the 
Araxes, and in the old salt mines of the same region ; mines 
which are regarded as the most ancient known, and as probably 
the oldest monuments of human industry that now exist. 

In the mountains of Karthlo-Imeritia are excavated (^^trog- 
lodyte ") houses, and an entire city has been discovered wrought 
out of the rocky walls which border the narrow valley of the 
river Ljokhwa, an affluent of the Kur. North of Mt. Ararat, 
on the summit of a hill, are to be seen the ruins of the citj 
Armawyr, which, according to historical records, was the first 
capital of Armenia, more than 2,000 years B. C. This city 
was then situated on the banks of the Araxes, but the river 
now passes at the distance of seven or eight kilometers. One 
of my colleagues, M. Quileff, has lately found in the narrow 
valleys of the Caucasus, not far from the eastern shoi« of the 
Black sea, certain graves known in Europe under the name of 
Celtic tombs. Among the inhabitants of this part of the Cau- 
casus the tradition exists " that these so-called tombs were the 
habitations of a people who lived here, and that they were 
built for them by their neighbors the giants." On the penin- 
sula of Taman an embankment or rampart exists, which is at- 
tributed to the Cimmerians, who, according to the ancient 
chronicle, inhabited the shores of the Euxine sea. Scythian 
remains are found thtou^oMt ^oxi^jcksxu Russia, and as itf 
south as the base oi tYie QcxoaX* Cj^\3lc»kv^/ 
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Well marked traces of the presence in this country of a 
people far advanced in civilization have remained to us from 
the time of the early Greek colonies. These colonies occupied 
all the valley of the Bion (the ancient Phasis), the peninsulas 
of Taman and Kertsch, and a portion of tne course of the 
Kuban (the ancient Hypanis). That these were rich and 
flouiishing colonies we learn not only from the narrative of the 
expedition of the Argonauts, but much more conclusively from 
the relics which they have left behind them, and which clearly 
indicate wealth and a cultivated taste. These relics are usually 
found in tombs, and the tombs in sepulchral mounds. They 
consist of pottery, implements, arms, ornaments in gold or 
silver, coins, statues, etc. 

In the year 1864, I had occasion to assist in the opening of 
two royal tombs which had been found in one of two tumuli, 
called the twin tumuli, situated upon the peninsula of Taman. 
When by boring a mass of masonry had been detected in one 
of these tumuli, two horizontal galleries were carried through 
it, crossing each other at right angles, by means of which two 
separate tembs were discovered. These tombs contained the 
following relics : In the middle of each was a sarcophagus of 
cypress- wood, in the form of an oblong box without cover, and 
standing upon small feet. The external surfaces of these sar- 
cophagi were covered with a carved and gilded ornamentation. 
In each was a skeleton which crumbled into dust at the slightest 
touch, also the remains of clothing and sandals, and various gold- 
en ornaments. Among these were masks made of thin plates of 
gold, which had been molded te the features so as to represent 
the physiognomy of the wearers. Above them were two crowns, 
which with the masks were indicative of a difference of sex in 
the persons buried. One of these crowns represented a garland 
of oak and laurel branches. The second also formed a garland, 
but composed of ears of wheat, and flowers. The golden orna- 
ments found in the sarcophagus of the female were richest and 
most numerous ; as for example, beneath her mask was a 
collar formed of several rows of chains interlaced. To these 
chains were suspended charms representing divinities, animals 
and other fantastic figures. In the same sarcophagus were 
found bracelets for the arms and limbs. The combined weight 
of the golden ornaments it contained was 32 kilograms. In 
the sarcophagus of the male, besides the mask and crown, the 
only ornament found was a girdle also of gold. The other 
objecte contained in the tomb clearly indicated the difference 
of sex which has been alluded to. In one there were placed 
around the sarcophagus and along the walls urns, vases, per- 
fume bottles, lacrymatories, metallic mirrors, and sheila coii.- 
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taining pigments. There were also statues in terra-cotta rep- 
resenting the following divinities : Cnpid, the Three (jiaoes 
and Venus, besides a large statue in white marble of the eod- 
dess Aphrodite. In the other there were amphoras, vases, plat- 
ters of different sizes of black pottery ornamented with red 
figures, arms eaten up by rust, and small figures in terra-cotta 
representing the goddess Diana. Both the tombs in which 
these relics were found were built of dressed stone^ the material 
having been obtained from the quarries of Tertiary limestone 
on the peninsula of Kertsch. They were not arched above, 
but the ceilings were composed of courses of stone which over- 
lapped till they met in the center. These tombs were placed a 
little above the base of the tumulus, which was of a conical 
form, from 35 to 45 feet in height and 70 feet in diameter, and 
composed of successive layers of carbonaceous soil, of sand and 
fiagments of broken vases, mixed with ashes and charcoaL 
Among the fragments of pottery were many which seemed to 
have formed part of a large and complicated design. This ex- 
cited a desire to reunite them, and since they were scattered 
throughout the whole mound, to accomplish this end it became 
necessary to sift the entire mass. This gigantic labor occnpied 
150 men for several months, and resulted in complete succeas. 
From the broken fragments were reconstructed a large vase and 
a flat dish bearing different designs, but referring to one epi- 
sode in the history of Greece. Upon the dish was portrayed 
the meeting of Paris and Helen, and upon the vase the abduc- 
tion of the beautiful wife of Menelaus. From their size, the 
beauty of the conception and the execution of the ornamenta- 
tion, this vase and dish are unquestionably the finest specimeoB 
of the kind yet discovered. 

The mounds containing tombs similar to those described are 
mostly found on the peninsula of Kertsch, in the suburbs of 
the town of the same name, which was formerly the site of 
Panticapajum, and on the peninsula of Taman, near the sites of 
the ancient cities of Corocondama and Phanagoria, of which 
almost no other traces remain. 

After the remains of the Greek colonization come tboee 
which belong to the propagation of Christianity. Of this epoch 
we have traces in nearly all parts of the Caucasus. The Gen- 
oese occupied not only the peninsula of the Crimea, but they 
were scattered through the valley of the Bion, and over the 
northern slope of the Great Caucasian chain north of Mt. 
Elbruz. The pass of Moronkh served them as a route of in- 
tercommunication between the colonies north and south of the 
mountains. Along this route, and in general in all the western 
portioas of the Isthmus are found ruins of churches and mo- 
nasteries, sometimeB wit\i ig^VcxMvck^ wx \Jaft ^alls^ sepulchnd 
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monuments, inscriptions, ornaments and ntensils. The most 
remarkable remains of the period of the propagation of Chris- 
tianity among the Armenians and Georgians are the ruins of 
the city of Ani, the ancient capital of Armenia, situated on the 
banks of the river Arpa-tschai« 

Nearly all the ancient remains found in the eastern part of 
the Caucasus belong to the epoch of the domain of the Persians 
and consist of ruins of mosques and caravanseras, palaces and 
fortifications, aqueducts, and canals. 

The height of the mountains, and the isolated and enclosed 
character of the valleys of the Isthmus of the Caucasus may 
be considered as the principal cause of the diversity in the 
population of the Caucasus and of the tenacity with which 
national characteristics have been maintained. 

The northwest part of the Caucasian chain, as far east as 
Mt. Elbruz, is inhabited on the north side by the Netokhasch, 
Schapsaughes, and Abadzek; on the southern slope by the 
Oubjiskh and Abkhaz. 

After the subjugation of this portion of the Caucasus, in 
1864, the greater part of these tribes, except the Abkhaz, quit- 
ted the country, and it has since been occupied only by the Bus- 
sains. All the tribes mentioned speak different languages. 

Judging from certain customs which are retained by these peo- 
ple, we are led to believe that during the time of the Gennis 
colonies Christianity spread widely among the inhabitants of 
this part of the Caucasus, but now they are all Mohammedans, 
and oelong to the sect of the Sunnites. 

Between the meridians of Elbruz and Tebaulas-mtha, on the 
northern slope of the mountains, and along the river Terek and 
its tributaries are some Russians who form military colonies; 
the original population consisting of the inhabitants of Ka- 
barda and Tschetschnia. The vaUeys among the mountains in 
this part of the chain are inhabited by the Ossethes and the 
Torschethes. 

On in the basin of the Bion are found the Mingrelians and 
the Imerethians, in the valley of the Kur, the Georgians, and 
further south in the mountains of Kathlo-Imeritia and the 
Little Caucasus, the Gourians and Armenians. All these speak 
different languages, and are Christians, except the inhabitants of 
Kabarda and Tschetschnia, who are Mohammedans. The south- 
eastern portion of the Isthmus of the Caucasus is occupied, in 
the valley of the great mountain chain by a population known 
under the general name of the inhabitants of Daghestan. 

This population scarcely represents a single nation, but is 
rather composed of several tribes who inhabit different valleys, 
speak different dialects of one language, and who are all Mo- 
nsmmedans of the Sunnite sect. Tlie «o\x\\i<&rcL ^org^ ^^ ^'^c^ 
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eastern part of the Cancasian chain and the Little Caucasiu 
are inhabited by a people descended from the PersiaQS, who 
speak one language, are Mussulmans of the sect Slhiite. In 
addition to the indigenous tribes which have been enumerated, 
there are in the Caucasus many Russians and Germans who 
form communities scattered through all parts of the country. 

The occupation of the Isthmus of the Caacasus for ages hj 
80 many nationalities, has made it the scene of incessant strife, 
by which its productiveness and prosperity, so highly favored 
by nature, have been greatly impeded. 

Except the working of mines and the manufacture of metals, 
the industry of the country is absorbed in agriculture, stock 
raising, fishing, rearing of silkworms, horticulture and the man- 
ufacture of wine. 

At the north, on the plains drained by the Terek and Kubtn 
which are without forest, and have a dark, rich soil, wheat jb 
generally cultivated — ^rye sparingly, and barley, oats, and buck- 
wheat are grown. 

Along the rivers when irrigation is easy, fruit and vegetables 
are raised; but only in the vicinity of the cities Pjotigorsk and 
Kyzljar is the vine cultivated and wine made. 

As the vast plains bordering on the Terek and Kuban con- 
sist largely of prairies, the raising of homed cattle and horses is 
there extensively followed. 

In the Great and Little Caucasus, in consequence of the 
physical conditions which prevail there, the inhabitants devote 
themselves to the raising of sheep, and the cultivation of the 
soil is of secondary importance. 

In the southern portions of the Isthmus, and especially in 
the valleys of the Rion, Kur and Araxis, where nature has 
been more generous in her gifts, the range of productive indu^ 
try is much extended. As the climate is mild, and the soil 
good, it may be said that the productiveness of this region is 
dependent simply on the amount of water available for irriga- 
tion. Beside wheat, barley and buckwheat, rice, cotton and 
maize are raised here. Horticulture is also largely practised, 
and the cultivation of the vine assumes great importance, for- 
merly the principal occupation of the CaKhethii who live along 
the Alazan, one of the tributaries of the Kur. 

The cultivation of tinctorial plants such as indigo and saf- 
fron is followed on the western shore of the Caspian. 

In the localities most favorable to the cultivation of fruits 
much attention is also given to the rearing of silkworms. The 
most important centers of this industry are the cities of Sche- 
makha and Naukha. 

Upon the shores of the Caa^ain and Black seas, and the sea 
of Azoffy especially on l^e -^^xicaissvi^fib ^1 ^^xca^ci^ %s^ at the 



W. 8. SuUivant on Noherffs Test-plate. 347 

months of the Terek and Knr are important fisheries, which 
compensate in some degree the inhabitants of these districts 
for tne marshy and unproductive nature of the surface. 

Since the Russians have gained control of the Caucasus, the 
Government has taken great pains to foster all forms of pro- 
ductive industry, but its efforts have been much impeded, and 
often completely thwarted by the perpetual war which the. 
mountaineers have maintained. In 1864, however, the last of 
the opposing forces were overcome and with the general resto- 
ration of peace it is hoped that the development of the re- 
sources of the country will advance with more rapid strides. 
This may be the more confidently expected since all the power 
of the government hitherto absorbed by war is now directed 
toward the organization of society, and the amelioration of the 
condition of the country. Within the last few years the Rus- 
sian authorities have been engaged in the emancipation of the 
serfs, the organization of a system of public instruction, in re- 
pairing and constructing canals for irrigation, roads, etc. 
Among these provisions for the public good, one of the most 
importent is the proposed rail road from the Black Sea to the 
Caspian. This will give a new impetus to the intellectual and 
industrial development of the country, hitherto so much re- 
tarded by the want of unity and harmony among its hetero- 
geneous population. 

Note. — ^A conyenient map for consultation in connection with this article may 
be found in Hazthausen's Transcaucasia, (2 vols. 8vo. Leipsic, 1856.) A profile 
of the Caucasus range, with the heights of numerous peaks, may be found in 
Petermann's MiUheUungen for 1859, (tafel xii,) based upon the data of Greneral 
Chodzko. Some of Abich's papers on the geology of the Caucasus are given in 
the Berlin Zeitscrift fiir Erdkunde. One of these, in the volume for 1853, is illus- 
trated by a profile, colored geologically, of the slope of the Caucasus, north from 
Elbruz toward Beschtau. — Eds. 



Abt. XXXIII. — Notes on Mr. Charles Stodder^ 8 paper entitled 
" Noberfs Te^-plate and modern Microscopes" published in 
the American Naturalisty April, 1868 ; by W. S. Sullivant. 

Mr. Stoddeb's paper above cited is full of interest to the 
microscopist. In it is announced the resolution of lines on the 
Nobert Test-plate* which are as close together as the ttiIitft 
of an English inch, and much exceed in fineness those hereto- 
fore seen by other observers. 

* The plate used in the trials detailed by Mr. Stodder is one of nineteen bande, 
the first being ruled to the yAa of a Paris line or to the rriiir ^^ "^ English 
inch, each band increasing by 500 so that the 19th band is ruled to the ^^^^ ot 
A Paris line or to the n Abi ^^ ^ English inoh. 
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From Mr. Stodder's brief sketch of what had been pre vioiulj 
done in the separation of lines under the microscope, it appears 
that Ross, De la Rue, and Sullivant and Wormley after exten- 
ded and exhaustive experiments on the Nobert test plate, failed 
to resolve lines closer together than about the t?,V 7? of an inch. 
It appears also that Nobert himself has never been able, with 
the highest powers, to see lines on his own test-plates closer 
together than the jt.Jott of an inch. 

On the other hand, the late Professor J. W. Bailey claimed 
to have seen lines the Tirr.Viris of an inch apart ; and Messrs. 
Harrison and SoUitt claim to have measured striaB on the dia- 
tom Amphiphura pdlucida having an interval of the t7t!itt 
to the Tjv 777 of an inch, and gave it as their opinion that 
lines as close as the ttjItt^t of an inch could, with proper 
means, be resolved. The above is learned from Mr. Stodder's 
paper. 

There is no reason to question the results, such is their close 
accordance, obtained by the observers first mentioned, but in 
reference to the claims made by Prof. Bailey and Messrs. Har- 
rison and Sollitt, it may be remarked that Prof. Bailey, though 
one of the most accomplished physicists of his day, was, owing 
doubtless to defects in the apparatus used, quote inaccurate in 
some of his micrometrical measurements ;* and with regard to 
the alleged measurements of the striae of Amphipleura pelh- 
cida by Messrs. Harrison and Sollitt, it is suflScient to say that 
it is now the generally received opinion among microscopists 
familiar with that diatom, that no true striae have yet been 
seen on its frustules.f 

From the foregoing it is not an unwarrantable inference that 
anterior to the experiments reported in the paper under notice, 
no satisfactory evidence is on record that lines closer than about 
the 75/17777 of an inch, either on Nobert's test-plate or any other 
object, have been resolved. This being the limit reached by 
previous observers, the skill in manipulation and in the man- 
agement of the illumination, &c., that brings to view, so dis- 
tinctly and palpably, lines ruled to the tttIfft of an inch that 
they have actually been counted and measured and found to 

♦ TIo assigned to Pleiirosigma Spencerii a striation of , ^-^-^ to uti^Wv ^^ ^ 
inch, the real striation being only about juijfK of an inch. (This /oumal, Jwu 
1860). The striae of Grrammatojyhorastibiilissima are given by him as y^Vn ^ 
\jni\f7TT ^f ail inch apart instead of about Tfji^jTrj *^® *"^® distance, (this Jouiil, 
Jan., 1851.) 

t Mr. Sobb, (Carpenter on th^ Microscope^ 3d ed., p. 198) claims to resolve Jmpft'- 
pleura jidlucida. Prof. H. L. Smith, of Gambier, Ohio, whose valuable additions 
to microscopical apparatus are well known, has given much attention to this dii* 
torn ; he recently witnessed Mr. S'>bb's alleged resolution of its fmstule, and con- 
siders the lines exhibited as spectral or spurious, and such, ho states, is the opin- 
ion of Mr. Wenham. 
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correspond with the registration on the test-plate (p. 100), 
challenges the admiration of all interested in microscopy, and 
proves by the inexorable test of experiment, that the resolution 
of such lines is not incompatible with the physical properties 
of light, as has been asserted by Fraunhofer and other writers 
of authority on optics. 

The grade of some of the objectives with which these reso- 
lutions were made is scarcely less remarkable than the resolu- 
tions themselves. Beliance was placed, not so much on those 
beautiful achievements in optical art, the ^^ ^^^ ^^^ iz lately 
sent out by Powell and Lealand, as on objectives of a medium 
grade, such as a j^ immersion and a J dry by Tolles. Mr. Stodder 
says " these trials show conclusively that it is not the great 
power of the objective that is important, for in many of the 
trials here reported, the lower powers have given the best re- 
sults, but the skill of the opticians in making the instrument.'' 

The objectives of Mr. ToUes unquestionably rank among the 
best, but it may be doubted if evidence exists, unless it be these 
trials reported by Mr. Stodder, of their superiority to those 
made by Spencer in this country, and by Powell and Lealand 
and others in England. Hence it is a fair inference that the 
failure of previous efforts on the highest bands of the Nobert 
test -plate is attributable to causes other than an incapacity in 
the objectives used. 

Mr. Stodder would have done an acceptable service to those 
who may hereafter attempt such investigations, had he gone 
somewhat into detail as to the system of illumination, the aux- 
iliary apparatus, &c., adopted by himself and other gentlemen 
whose experiments he reports. 

Such success in carrying up the resolvability of lines so far 
beyond the point at which well-directed efforts, sustained by 
theory, had placed it, will doubtless attract other observers to 
this field of research, where, among other sources of deception, 
none will be found more prolific than the spurious or spectral 
lines always shown by the objective working with oblique light 
and under a strain; for it may well be supposed that any ob- 
jective, especially one so low as a Jth would be strained in the 
resolution of lines ruled to the tttUft ^^ ^^ inch. 

It is well known to all familiar with this subject, that it is 
impossible to distinguish, by their mere visual appearance, the 
spurious from the true lines on the highest bands of the Nobert 
plate. No lines, therefore, should be entitled to full confidence 
as being the true lines, unless verified by the micrometer, that 
is, counted, measured, and found to correspond with the regis- 
tration on the test-plate.** 

* It is here assumed that the lines are ruled on the test-plate as indicated by 
Kobert ; no error having yet been found on any of his platAf^. 
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Mr. Stodder remarks '^ it has been said that the resolotioii 
of lines to the eye, implies the ability to count them, but this, 
I think, is a fallacy/' and illustrates his remark by the difficulty 
of counting the pickets on a fence, at a given distance. The 
difficulty in both cases could perhaps be surmounted to the ex* 
tent necessary, by enlarging the visual angle under which the 
lines and pickets appear to the eye, viz : by adding to the am- 
plification of the microscope, and shortening the distance to 
the ftnce. 

Among the highest bands of the Nobert plate, owing to the 
want of perfect flatness of field inseparable from the best ob- 
jectives, a portion only of the width can at one time be brought 
into exact focus. If that portion, however, is measured and its 
lines resolved under a suitable amplification, the data are ob- 
tained for the solution of the problem in hand, namely, the de- 
termination of the distance apart of the lines thus separated. 

In another extract from Mr. Stodder's paper he says "in 
counting lines of such exquisite fineness, either the micrometer 
or the stage must be moved, and it is next to impossible to con- 
struct apparatus that can be moved at once tsv\zvv of an inch 
and no more." This remark, coupled with the one above cited 
in which the supposed ability to count lines resolved to the eye 
is deemed a fallacy, suggests the inquiry, how was it satisfac- 
torily ascertained that the true lines on the 19th band, (tt?.??!) 
were seen (page 99) with a } objective and under an amplifica- 
tion of 550 diameters ? 

Besides the low grade of the objective, a noteworthy feature 
in this performance, is the low amplification employed. Here- 
tofore it has been found no easy task to confirm by count and 
measurement, lines if j.Vyir of an inch apart, resolved by high- 
grade objectives, under an amplification of 6,000 diameters. 

Mr. Stodder very correctly remarks that an exact and con- 
trollable motion in the micrometer or the stage for the purpose 
of counting the lines of the highest bands, is next to impossi- 
ble. But in the mere counting of lines, amplification is the 
important requisite, not the micrometer, the office of which is 
simply to measure that portion of tlie width of a band in which 
the lines can be counted. Motion in the measuring apparatus 
— the cobweb-micrometer, for instance — is required for the pur- 
pose mainly of setting the spider-lines so as to embrace accu- 
rately, and thus measure the portion of the band above men- 
tioned, not for the purpose of measuring off*, line by line, one 
at a time, the Nobert lines, as Mr. Stodder seems to require: 
this, indeed, as before said, would be next to impossible. 

But there are other methods of measurement, and it may be 
safely asserted that whatever lines the objective can resolve, 
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amplification with illomination for counting them, and appara- 
tus for measuring the space in which they are counted, are all 
within the reach of the microscopist. 

Mr. Stodder's views on the micrometry of the Nobert lines, 
are certainly imtenable. He invests the subject with insurmount- 
able difficulties, and thus seems to ignore the only certain and 
reliable means of determiniug the nature, whether real or spec- 
tral, of any lines that may be seen on the high Nobert bands. 

His paper, nevertheless, wiU form an interesting part of the 
literature of a subject that has long attracted much attention, 
namely, the limit of the resolvability of lines under the micro- 
scope. The experiments recorded by Mr. Stodder go far toward 
determining this limit. They show that there was an error in 
fixing it among lines about the 77,777 of an inch apart. They 
also show that lines as close as the ttt.Vtt ^^ ^^ ^^^ ^^^ ^^ 
separated. These are the finest lines ever yet ruled on any 
test-plate. How much narrower an interval lines may have 
and still be resolved, cannot probably be determined with nu- 
merical precision, until the ingenuity of Nobert adds finer ruled 
bands to his test-plates. 

In the meantime, microscopists will doubtless find ^^ pleasant 
divertisement " in resolving with their jths and ^ths, the lines 
of the four or five highest bands of the present test plate; and 
they would do well in dealing with even these bands to bear in 
mind that " no other sense approaches in power of self-decep- 
tion to that of sight; and that, especially when the eye is 
strained by an eager observer, and the ima^ation perhaps, 
plays under the pressure of a theory^ it is quite possible, after 
a little, to see almost anything that is expected.'' 

Note. — Since the above was in tjrpe the writer haa been kindly presented by Dr. 
J. J. Woodward of the IT. S. Medical department at Washinf^ton, with a series of 
beautiful photographs, recently made by his assistant Dr. E. Curtis, of all the bands 
of Nobert'a 19-band test-plate. The first 16 bands are sharply and clearly resolved 
into their true lines; the 16th band, however, (which is niled to the ^^^77 of an 
English inch) requiring a hand-glass, magnifymg four or five diameters, to show its 
lines distinctly. 

The resolving and photographing such extraordinarily fine lines rank first among 
any performances of the kind on record, and attest the remarkable skill of Dr. 
CurtiB who has accomplished both so successfully. 

The objective used was a ^ inch made by Powell and Lealand ; amplification 
1 ,000 to 2,000 diameters. The photographs of the 16th, lUh, 18th, and 19th bands 
g^ve, as Dr. Woodward remarks,'only false or spectral lines. 
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Art. XXXIV. — Bemarka on the nineteen^4>and Test-Opiate </ 
Nobert ; by J. J. Woodward, Asst. Surgeon, ana Brevet 
Lieutenant-Colonel U. S. Army. 

The January number of this Journal for 1861 contains an 
interesting article on the thirty-band test-plate of Nobert, by 
W. S. Sullivant and T. G. Wormley. 

In this test-plate the lines of the first band are ruled tttt^i 
those of the thirtieth band the T^Vvth of a Paris line apart^ 
measuring from the center of one line to that of the next 

Sullivant and Wormley resolved the first twenty-six of these 
bands, partly resolved the twenty-seventh, but fidled to resolye 
satisfactorily the last three bands. 

Nobert has sinoe prepared a test-plate of nineteen bands, in 
which the lines of the first are the TirV^th, those of the second 
the tAo^^^ of ^^^ third the jsrv^h, and so on, those of the 
nineteenth band being the tt.Vtv^ of a Paris line apart 

In this new plate the fifteenth band corresponds precisdy 
with the last band of the thirty-band plate, the lines being 
the BoV^^t of a Paris line apart. 

On one of these new plates Max Schultze ^ has succeeded in 
resolving the fourteentn band, Eulenstein of Stutgard haa 
done the same, and Nobert himself has gone no further,f nw, 
so far as I know, has any other European microscopist 

Under these circumstances, Mr. Charles Stodder of Boston 
tells us that he and Mr. Greenleaf " saw the nineteenth band 
satisfactorily" with a ToUes' ^th inmiersion of 170^ &ngle, 
magnifying 550 diameters. 

They did not count the lines, an operation which Mr. Stod- 
der thinks is quite impossible.^ 

For myself, having also seen lines which I thought real in the 
nineteenth band, with several objectives, and having satisfied 
myself both by counting and by having photographs taken of 
what I saw, that these were spectral or spurious, and not real 
lines, I am quite convinced that those which Messrs. Stodder 
and Greenleaf have seen are of the same nature, and hope these 
gentlemen will attempt to count the lines they see in the nine- 

* Archiv fiir mikroskopischo Anatomie. Bonn, 1863, p. 305. Iliswonisare: 
"Bci schiefcm Licht bin ich mit den besten systemen bis zur ISten Gruppe g«^ 
kommen." 

f See quotations from a letter of Eulenstein in the paper of Mr. Charles Sioddsr 
lioreafter quoted. 

J Nobert's test-plate and modern microscopes, American Naturalist, vol. il 
p. y7, aL-»o Microscopical Journal, July, IbGS, p. 131. To tho latter article Ui 
Stodder api)ends a note in which ho claims tiiat Dr. Barnard also has seen the iw! 
lines in the nineteenth band. I am quite sure the hues Dr. Barnard saw wew alw 
spurious ones, and he himself writes mo that his opinions in the matter were nci 
fully matured, and that he intends to make further observations. 
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teenth band by the very simple method I shall append, or to 
make a photograph of- tliem, either of which will, I think, 
speedily bring them to my opinion. 

I have lately made a careful study of a nineteen-band plate 
belonging to Bev. Dr. F. A. P. Barnard, which was made for 
him by Nobert during 1867. 

To convince all microscopists interested of the accuracy of 
my statements, I have had photographs of the different bands 
made by Dr. E. Curtis, at the Army Medical Museum. 

I am satisfied that I have seen, and that Dr. Curtis has 
photographed the true lines in the fifteenth band, but no 
further. Dr. Curtis has also photographed two views of the 
sixteenth, seventeenth, eighteenth and nineteenth bands, in 
which lines are clearly seen, which, however, I conclude from 
their number ancl character to be spurious, although both he 
and I supposed them to be real before counting them by the 
method I shall presently mention. For example, the spurious 
lines in the photograph of the seventeenth band are 30 in num- 
ber in one photograph ; 40 in another ; the real number ol 
lines according to Nobert's statement being 51. 

I send herewith a full set of Aiese photographs to the edi- 
tors of this Journal. 

In these photographs the lines count as follows in the several 
bands: 



First, 7 lines. 


Eighth, 26 lines. 


Fifteenth, 45 linea. 


Second, 10 »• 


Ninth, 27 " 


Sixteenth, not counted 


Third, 13 " 


Tenth, 30 «* 


Seventeenth," '* 


Fourth, 16 " 


Eleventh, 34 '* 


Eighteenth " 


Fifth, 17 " 


Twelfth, 37 " 


Nineteenth, *' ♦' 


Sixth, 20 " 


Thirteenth, 40 " 




Seventh, 23 " 


Fourteenth, 43 " 





The photographs were taken with the ^'jth of Powell and 
Lealand, and a distance sufficient to magnify 1000 diameters 
linear. The slide was illuminated by direct sunlight passed 
through a solution of sulphate of copper in ammonia, and 
concentrated by an achromatic condenser, with large dia- 
phragm opening, without any central stop, the pencil made 
oblique by throwing the condenser to the right or left of its 
true centering. I tried on the slide many object glasses, in- 
cluding an jth of Ross, a ^^ih of Tolles, a No. 11 immersion 
of Hartnack, an jth, y'^th and immersion y^th by Wales, but 
got the best results with the ij^. The ^'^th of Powell and 
Lealand did not do quite so well as the ^jth, apparently on 
account of the thickness of cover. 

Dr. Curtis has also made two photographs of the twelfth, 
thirteenth and fourteenth bands, in which the resolution being 
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imperfect, spurioufl lines are showiL The thirteenth band, for 
example, shows 25 lines in one {photograph, and 16 in the 
other, the real number being 40. 

These two photographs agree closely in character with those 
of the sixteenth, seventeenth, eighteenth and nineteenth bands. 

The foregoing results lead me to believe that the lines in the 
last four bands are really ruled as claimed by Nobert ; and 
that with greater defining power the true lines could be seen. 
They also com])el me to doubt the accuracy of the statements 
of those who think they have seen the true lines in any band 
beyond the fifteenth, and especially if the lines seen have not 
bet-n Counted. 

I may here mention that the first of this series of photo- 
<:::raphs rcjuesented the last four bands, and w^as made by Dr. 
Curtis some months ago. Both he and I supposed at the time 
that the lines shown on the sixteenth and seventeenth band in 
tliis pliotograph were real. We accounted for their being too 
few in number (lliose of the sixteenth counting 37, those of the 
seventeenth, 40 lines), by supposing that the whole of each band 
was not to be seen in any oujj position of the focal adjustment. 

Subsequent experience has, however, convinced us that these 
also ar(j spurious lines. I learn from Dr. Barnard that this 
photograph was sent by Eulenstein to Nobert, who accounted 
lor the small number of lines by supposing Dr. Curtis had by 
mistake co])ied the twelfth, thirteenth, fourteenth and fifteenth 
l»nnds ! We had, how(»vor, made no such error, of which 1 
dou])t not Nobert will l^e convinced on recei\'ing the present 
scries of j>hotogra])hs, copies of wliich I have sent to him. 

In conclusion, I mav nn ntion brieflv two modes of convenient- 
ly counting the lines in the highest bands that can be resolved. 

If a cobweb micrometer is used, the micrometer eye-piece 
should be firmly clamped in a stand screwed to the table, :»o 
that the eye-piece is close to the end of the microscope tube, 
liut does not touch it, a piece of black velvet being used to 
complete the connection. The motion of the micrometer scw^ 
now comnnmicates no tremor to the microscope, and all diffi- 
culty in counting the lines seen (whether real or spurious) 
dis}ii)peurs. Still better than this is the following method : 
The microsco])e l)eing set up in a dark room aa though to take 
a ])hoto^raph, and the eye-piece ])eing removed, the image ot 
the band to be counted is received on a sheet ot plat« glass in 
the plate holder, and viewed with a focussing glass, on the 
field lens of which a black point is marked. As the focus.'sin^ 
glass is moved on the jdate from side to side, the black point 
IS moved from line to line. The lines may thus l>e counted 
with as much ease and precision as if they were large enongi 
to be touched by t\ie ftn\ifiT. 
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Abt. XXXV. — Notes on the Geology of Southwestern Onta- 
rio; by T. Sterry Hunt, F.K.S., of the Geological Survey 
of Canada. 

(Read before the meeting of the American Association for the Advancement of 

Science, at Chioago, August, 1868.) 

The paleozoic strata of the southwestern portion of the 
province of Ontario (late Upper Canada), are generally covered 
oy a considerable thickness of clay, which has made their study 
extremely difficult. During the last few years, however, nu- 
merous borings have been made over a wide area in this region, 
in search of petroleum, and have disclosed many facts of geo- 
logical interest. By frequently visiting the localities, and-care- 
fuUy preserving the records of these borings, I have been ena- 
bled to arrive at some important conclusions as to the thick- 
ness and the distribution of the underlying Upper Silurian and 
Devonian strata, to which I now beg to call the attention of 
the Association. 

The rocks of the New York series, from the Oriskany sand- 
stone to the Coal, which are regarded as the equivalents of the 
Devonian of the old world, were shown by Prof. James Hall, 
in 1851, to constitute three natural groups. Of these, the first 
and lowest, sometimes called the Upper Helderberg, and con- 
sisting of the Oriskany, with its overlying Comiferous lime- 
stone (embracing the local subdivision known as the Onondaga 
limestone), constitutes what may be provisionally called the 
Lower Devonian. The second group lias for its base the black 
pyroschists, known as the Marcellus shale, followed by the Ham- 
ilton shale, with the local TuUy limestone, and terminated by 
another band of black pyroschist, the Genesee slate; the whole 
constituting what may be termed the Middle Devonian. The 
third group, embracing the Portage and the Chemung shales 
and sandstones, with the local Catskill sandstone, makes the 
Upper Devonian.** 

The black Genesee slate, according to Mr. Hall, is paleon- 
tologically related to the Hamilton slates, and by him included 
as part of the Hamilton group, as recognized in The Geology of 
Canada. Similar black slates, though thicker, less fissile, and 
interstratified with greenish arenaceous beds, occur at the base 
of the Portage formation, marked by the remains of land 
plants and of fishes which characterize the Upper Devonian. 
The black slates at this horizon thus constitute, as it were, 
beds of passage. The thickness of the lower and more 'fissile 
black beds, recognized by Mr. Hall as belonging to the Hamil- 
ton group, is, according to him, only twenty-four feet at the 
eastern end of Lake Erie. 

* James Hall, in Foster & Whitney's Oology ot lAkA^\K^^<^t<t^^^'^'^^. 
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There exists in southwestern Ontario, along the River St 
Clair, an area of several hundred square miles underlaid by 
black shales, in the counties of Lambton and Kent^ of which 
only the lower part belongs to the Hamilton group. These 
strata are exposed in very lew localities, but the lower beds are 
seen in Warwick, where they were, many years since, examined 
by Mr. Hall, in company with Mr. Alexander Murray of the 
Geological Survey of Canada, and were by the former iden- 
tified with the Genesee slate forming the summit of the Ham- 
ilton group. They are in this place, however, overlaid by more 
arenaceous beds, in which Prof. Hall at the same time detected 
the fish remains of the Portage formation. The thickness of 
thest!! black strata, as appears from a boring in the unmediate 
vicinity, is fifty feet, beneath which are met the gray Hamilton 
shales. A similar section occurs at Cape Ipperwash or Kettle 
Point in Bosanquet, on Lake Huron, where bands of alterna- 
ting greenish and black arenaceous shales, holding CalamiteSy aie 
met with. These strata also were recognized by Mr. Hall, who 
examined them, as belonging to the Portage formation ; and 
abound in the large spherical calcareous concretions which 
occur at the same horizon in New York. The entire thickness 
of the black shales at this point has not been determined, but 
in numerous l)orin;^s throughout the region under notice, they 
arc easily distinguished, both by color and hardness, from the 
soft gray Hamilton shales which undi'rlie them. At Corunna, 
near Sarnia, a thickness ol not less than 213 feet of hard black 
shales, interstratified toward the top with greenish sandstone, 
were met with. In the northern part of Enniskillen, near 
Wyoming, they are about fifty feet in thickness; at Alvinstone, 
eighty feet ; in Sonihra, on the Sydenham river, 100 feet, and 
in two borings in Camden, 146 and 200 feet. A little to the 
north of Both well, on the Thames, their thickness was found 
to bo seventy-seven feet, while southward, along the shore of 
Lake Erie, about sixty feet of the hard black slate overlie the 
soft gray Hamilton shales. 

From these, and a great many similar observations, which 
are detailed at length in the Report of the Geological Snrviy 
of Canada, j»ublished in 1866, it has been possible to determine 
with considerable accuracy the distribution of these black strata 
beneath the thick covering of clay which conceals them through 
the greater part of the region. It being impossible, under the 
circumstances, to distinguish between that lower portion of the 
})lack strata which belongs to the Hamilton group or ]^Iiddle 
Devonian, and the overlying Portage formation, the whole of 
these strata, down to the summit of the soft gray shales, ar? 
included with the Portage. In Michigan, according to Froi 
Winchell, the whole thickness of the Portage (Huron) gronpy 
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as just defined, including twenty feet of black shale at its base, 
is only 224 feet, which are represented in Ontario by 200 feet 
on the Sydenham river, and by 213 feet at Corunna on the St. 
Clair. Yet Prof. Winchell, for some reason, doubts the exist- 
ence of the Portage formation in Ontario. 

The Hamilton shale, which in some parts of New York at- 
tains a thickness of 1,000 feet, but is reduced to 200 feet in 
the western part of the state, consists in Ontario chiefly of 
soft gray mans, called soapstone by the well-borers, but in- 
cludes at its base a few feet of black beds, probably represent- 
ing the Marcellus shale. It contains, moreover, in some parts, 
beds of from two to five feet of solid gray limestone, holding 
silicified fossils, and in one instance impregnated with petrole- 
um, characters which, but for the nature of the organic remains, 
and the underlying marls, would lead to the conclusion that 
the Lower Devonian had been reached. The thickness of the 
Hamilton shale varies in diflFerent parts of the region under 
consideration. From the record of numerous wells in the 
southeastern portion, it appears that the entire thickness of 
soft strata between the Corniferous limestone below and the 
black shale above, varies from 275 to 230 feet, while along the 
shore of Lake Erie it is not more than 200 feet. Further 
north, in Bosanquet, beneath the black shale, 350 feet of soft 
gray shale were traversed in boring, without reaching the hard 
rock beneath, while in the adjacent township of Warwick, in 
a similar boring, the underlying limestone was attained 396 
feet from the base of the black shales. It thus appears that 
the Hamilton shale (including the insignificant representative 
of the Marcellus shale at its base) augments in volumt*, from 
200 feet on Lake Erie to about 400 feet near to Lake Huron. 
Such a change in an essentially calcareous formation, is in 
accordance with the thickening of the Corniferous limestone 
in the same direction. 

The Lower Devonian in Ontario is represented by the Cor 
nifcrous limestone, for the so-caUed Onondaga limestone has 
not been recognized, and the Oriskany sandstone, always thin, 
is in some places entirely wanting. The thickness of the Cor- 
niferous in western New York is about ninety feet, and in 
Boutheastern Michigan is said to be not more than sixty, al- 
though it increases in going northward, and attains 275 feet at 
Mackinac. In the townships of Woodhouse and Townsend, 
about seventy miles west from Buffalo, its thickness has been 
found to be 160 feet, but, for a great portion of the region in 
Ontario underlaid by this formation, it is so much concealed 
that it is not easy to determine its thickness. In the nume- 
rous borings which have been sunk through this limestone, there 
is met with nothing distinctive to mark the separation between 
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it and the limestone beds which form the upper part of the 
Onondaga salt group or Siilina formation of Dana, which con- 
sists of dolomites, alternating with beds of a pure limestone, 
like that of the Corniferous formation. The saliferous and 
gypsiferous magnesian marls, which form the lower part of the 
ISalina formation are, however, at once recognized bv the borers, 
and lead to important conclusions regarding this formation in 
Ontario. In Wayne county. New York, the Salina formation 
has a thickness of from 700 to 1000 feet, which, to the west- 
ward, is believed to be reduced to less than 300 feet, where the 
outcrop of this formation, crossing the Niagara river, enters 
Ontario. 

At Tilsonburg, ninety miles west from Buffalo, borings have 
shown the existence of the Corniferous limestone directly be- 
neath about forty feet of clay, while two miles to the south- 
west, it is overlaid by a few feet of soft shales, probably 
marking the base of the Hamilton. From a depth of^lOO feet 
ill the limestone, at Tilsonburg, a flowing well was obtained, 
yielding an abundance of water, and a considerable quantity 
of petroleum. This boring was subsequently carried 854 feet 
in the rock, which at that depth was a dolomite. Numerous 
specimens from the upper 196 feet were pure non-magnesian 
limestone ; but below that depth dolomites, alternating with 
jmre limestones, were met with to the depth of 854 feet, from 
which salt water was raised, marking, it is said, from 35" to 
50° of the salometer. The well was then abandoned. We have 
here a boring traversing 854 feet of solid strata, from what 
was, probably, near the summit of the Corniferous, without 
reaching the marls which form the lower part of the Salina 
formation. 

In a boring at London, where the presence of the base of 
the Hamilton was marked by about twenty feet of gray shales, 
including a band of black pyroschist, overlying the Cornife- 
rous, 600 feet of hard rock were passed through before reaching 
soft magnesian marls, which were jKjnetrated to the depth of 
seventy-live feet. Specimens of the borings from this well, 
and from another near by, carried 300 feet from the top of the 
Corniferous, show that pure limestones are interstratified with 
the dolomites to a depth of 400 feet. At Tilsonburg a pure 
limestone was met with at 524 feet from the top. 

At St. Mary's, 700 feet, and at Oil Springs m Enniskillen, 
595 feet of limestone and dolomite were i>enetrated, without 
encountering shales, while in another well near the last, soft 
shaly strata were met with at about 600 feet from the top of 
the Corniferous limestone, there overlaid by the Hamilton 
shales. It thus appears that the united thickness of the Cor- 
niferous formatiou and. t\xQ ^o\i<i \mie«tQae8 which compose the 
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upper part of the Salina formation, is about 600 feet in Lon- 
don and Enniskillen, and farther eastward, in Tilsonburg and 
St. Marys, considerably greater, exceeding by an unknown 
amount, in these localities, 854 and 700 feet. The Cornife- 
rous at its outcrop in Woodhouse, twenty-five miles to the 
east of Tilsonburg, measures only 160 feet thick, so that there 
is evidently, in the localities just mentioned, a great increase 
in the volume of the Salina formation from the 300 feet ob- 
served in western New York. At Goderich, on Lake Huron, 
the thickness of this formation is much greater. Here are 
found non-fossiliferous strata, having the character of the so- 
called Water-lime beds, which belong to the summit of the 
Salina formation, and are immediately overlaid by fossiliferous 
strata belonging to the Corniferous formation. At this point 
a boring in search of petroleum penetrated not less than 775 
feet of solid white, gi'ay and blue limestones, chiefly magne- 
sian, with occasional thin beds of sandstone. Below this depth 
the strata consisted chiefly of reddish and bluish shales, with 
interstratified beds of gypsum, sometimes ten feet in thickness. 
After the 164 feet of these, rock salt was met with, interstrat- 
ified with clay, through a distance of forty-one feet, beneath 
which the boring was carried five feet in a solid white lime- 
stone, probably belonging to the underlying Guelph formation. 
We hav3 thus, for the entire thickness of the Salma formation 
at Goderich, 980 feet, of which the upper 775 are hard strata, 
chiefly magnesian limestones, and 205 feet gypsiferous and 
saliferous shales. Several wells since sunk in tins vicinity, one 
of them twelve miles to the southwestward, have given almost 
identical results, including the mass of rock salt at the base. 
These borings now yield, by pumping, a copious supply of 
brine, nearly saturated and of great purity, so that this newly 
discovered saliferous deposit has already attracted the atten- 
tion of salt manufacturers, both in Ontario and New York. 
A detailed description of the first well, with an analysis of the 
brine, wiU be found in the Geological Report for 1866, already 
referred to. 

Brines are said to have been met with at this horizon in 
Michigan, where the formation will probably be found to have 
a much greater thickness than that hitherto assigned to it. 

It thus appears that the Salina formation, after being re- 
duced to less than 300 feet at the Niagara river, again assumes, 
to the northwestward, a thickness of nearly l,()00fect, and be- 
comes once more salt-bearing, as in the State of New York. 
The increased thickness of the formation in these two regions, 
connected with accumulations of salt at its base, would seem 
to point to ancient basins, or geographical depressions in the 
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surface of the underlying formation, in which were deposited 
these thicker portions. The existence of these Upper Silu- 
rian salt lakes, whose evaporation gave rise to the rock-salt, 
gypsum and dolomite of the Salina formation, shows a cli- 
mate of great dryness to have then prevailed in this region. 
A similar conclusion is to be drawn from the more or less gyp- 
siferous dolomites of the Calciferous and Niagara formations, 
the magnesian limestones at other horizons, and the gypsom 
and salt deposits of the Carboniferous period, — ^leading ns to 
infer a very limited rain-fall over the northeastern portion of 
this continent, throughout the Paleozoic period. 

In this connection a few remarks with regard to the horizon 
of the petroleum which issues from the Devonian rocks of On- 
tario, may not be out of place. In opposition to the generally 
received view, which supposes the oil to originate from a slow 
destructive distillation of the black pyroschists belonging to 
the middle and upper divisions of the Devonian, I have nudn- 
tained that it exists, ready formed^ in the limestones below.* 
In addition to the well known fact of its frequent occurrence 
in the Corniferous limestone, I have cited the observations of 
Eaton, Hall and myself, as to the existence of both solid and 
liquid bitumen in the Niagara limestone, and even in the mas- 
sive bods of the Hamilton. A remarkable example is afforded 
ill the oleiforous beds of tlie Niagara formation in the vicinity 
of CliicagOjf and still another in similar strata belonging to 
the Lower Heldorberg j)eriod, in Gaspi\ The deep borings 
already mentioned iu Tilsonburg, St. Mary's and Enniskillen, 
showed in each case small quantities ot petroleum in strata of 
the Salina formation, and the same was observed at considera- 
l)lc depths in the Goderich well already described. 

Apart from the chemical objections to the view which sup- 
l)Oscs the oil to be derived from the pyroschists above the Cor- 
niferous limestone, it is to be remarked, that all the oil wells 
of Ontario have been sunk along denuded anticlinals, where, 
with the exception of the thin black band sometimes met with 
at the base of the Hamilton formation, these so-called bitu- 
minous shales are entirely wanting. The Hamilton formation, 
moreover, is never oleiferous, except in the case of the rare 
limestone beds already referred to, which are occasionally inter- 
stratified. Reservoirs of petroleum are met with, both* in the 
overlying quaternary gravels and in the fissures and cavities of 
the Hamilton shales, but in some cases the borings are carried 
entirely through these strata, into the Corniferous limestone, 
before getting oil. Among other instances cited in my Geolo- 

* Canadian Naturalist. June, IJ^GI. and this Journal, March, 18G3. 
f It is proposed to give, in a subsequent communication, the results of an ei- 
ciii ination of this remarkaVAo \\m^?^\.viUQ. 
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gical Report for 1866, may be mentioned a well at Oil Springs, 
m Enniskillen, which was sunk to a depth of 456 feet from 
the surface, and seventy feet in the solid limestone beneath the 
Hamilton shales, before meeting oil, while in adjacent wells 
supplies of petroleum are generaUy met with at varying depths 
in the shales. In a well at Bothwell, oil was first met with at 
420 feet from the surface, and 120 feet in the Comiferous lime- 
stone, while a boring at Thamesvilld was carried 332 feet, of 
which the last thirty-two feet were in the Comiferous lime- 
stone. This well yielded no oil, until, at a depth of sixteen feet 
in this rock, a fissure was encountered, from which, at the time 
of my visit, thirty barrels of petroleum had been extracted. 
At Chatham, in like manner, after sinking through 294 feet of 
shales, oil was met with at a depth of fifty-eight feet in the 
underlying Comiferous limestone. 

We also find oil-producing wells sunk in districts where the 
Hamilton shale is entirely wanting, as in Maidstone, on the 
shore of Lake St. Clair, where, beneath 109 feet of clay, a 
boring was carried through 209 feet of limestone, of which the 
greater part consisted of the Water-lime beds of the Salina 
formation overlaid by a portion of the Comiferous. At a dis- 
tance of six feet in the rock a fissure was struck, yielding sev- 
eral barrels of petroleum. Again at Tilsonburg, where the 
Comiforous limestone is covered only by quaternary clays, nat- 
ural oil springs are frequent, and, by boring, fissures yielding 
petroleum were found at various depths in the limestone, down 
» to 100 feet, at which point a flowing well was obtained, yield- 
ing an abundance of water, with some forty gallons of oil daily. 
The supplies of oil from wells in the Comiferous limestone are 
less abundant than those in the overlying shales, and even in 
the quaternary gravels, for the obvious reason that both of 
these offer conditions favorable to the retention and accumula- 
tion of the petroleum escaping from the limestones beneath. 

The presence of petroleum in the Lower Silurian limestones, 
and their probable importance as sources of petroleum, was 
first pointed out by me in 1861. The conditions under which 
oil occurs in these limestones in Ontario, are worthy of notice, 
inasmuch as they present grave difficulties to those who main- 
tain that petroleum has been generated by an unexplained pro- 
cess of distillation going on in some underlying hydrocarbona- 
ceous rock. Numerous borings in search of oil on Manitoulin 
Island, have been carried down through the Utica and Loraine 
shales, but petroleum has been found only in fissures at consid- 
erable depths in the underlying limestones of the Trenton 
group. The supplies from this region have not hitherto been 
abundant, yet from one of the wells just mentioned, 120 bar- 
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rels of petroleum were obtained. The limestone here rests on 
the white unfossiliferous Chazy sandstone, beneath which are 
found only ancient crystalline rocks, so that it is difficult to 
avoid the conclusion that this limestone of the Trenton group 
is, like those of Upper Silurian and Devonian age already no- 
ticed, a true oil-bearing rock. 

In concluding these observations on the geology of Ontario, 
it may be remarked that throughout the southwestern counties 
the distribution of the middle and upper Devonian rocks has 
been determined almost wholly from the results of borings un- 
dertaken in search of petroleum. From these it appears that 
the wide spread of these rocks in this region is connected, first, 
with a tranverse north and south synclinal depression, which 
traverses the peninsula, and has been noticed in the Geology 
of Canada, p. 363, and secondly, with several small undula- 
tions, running northeast and southwest, on the northwest side 
of the anticlinal of the Thames ; which is a prolongation of 
that passing by Cincinnati, and may be regarded as part of the 
main anticlinal of the great axis of elevation which divides the 
coal field of Pennsylvania from that of Michigan. 

The Devonian rocks are found in the region under conBidera- 
tion, at depths not only far beneath the water-level of the ad- 
jacent lakes of Erie and St. Clair, but actually below the hori- 
zon of the bottom of those shallow lakes. Thus at Vienna, 
in Bayliam, at a point said to be about forty feet above the 
level of Lake Erie, the underlying rock was met with beneath 
240 feet of clay, while at Port Stanley, twenty feet above the 
lake, the Hamilton shale was struck beneath 172 feet of clay, 
and at the Rondeau, just above the level of Lake Erie, the clay 
was 104 feet thick. A similar condition of things exists on 
the south side of the lake, at Cleveland, where no rock is en- 
countered at a depth of 100 feet below the water-level. Again 
in Sombra, on the banks of the Sydenham river, which is a 
very little above the level of Lake St. Clair, a well ten feet 
above the river passed through 100 feet of clay before meeting 
the black shales of the Portage group, while in Maidstone, on 
the shore of Lake St. Clair, and a very few feet above its level, 
109 feet of clay were found overlying the Comiferous lime- 
stone. The greatest depth of Lake St. Clair is scarcely thirty 
feet, and that of the southwestern half of Lake Erie does not 
exceed sixty or seventy feet, so that it would seem that these 
present lake basins have been excavated from the quaternary 
clays which, in this region, fill a great ancient basin, hollowed 
out of the paleozoic rocks, and including in its area the south- 
western part of the peninsula of Ontario. 
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Art. XXXVI . — On the action of Sunlight on Bisulphid of 
Carbon; by 0. Loew, Chemical assistant in the College of 
the City of New York. 

PuBE bisolphid of carbon, when exposed to the sunlight for 
a considerable time becomes somewhat yellow. To study the 
changes thus produced, a large quantity of the bisulphid was 
enclosed in sealed tubes and exposed to the action of the sun. 
Decomposition took place gradually, and a brown insoluble sub- 
stance was formed, which adhered so closely to the inntr surface 
of the tubes that it could not be detached by vigorous t^haking. 
This substance prevented the farther action of the sun's rays, 
and consequently the decomposition ceased. 

If water be present in the tubes, this adherence is prevented 
and a larger quantity of the brown substance is obtained. 
After an exposure of two or three months the tubes were opened. 
The water was slightly acid in its reaction, and, after being neu- 
tralized and concentrated, it showed a distinct reducing power 
upon salts of silver and mercury. Evidently therefore a trace 
of formic acid was produced, according to the following equation : 

Formic Acid. 

CS2+2H20=CHa02 +11^8+8.* 

On filtration, the newly formed brown compound remained on 
the filter, while the filtrate contained free sulphur dissolved in 
the bisulphid of carbon. On examination, this compound cor- 
responded in every particular to the sesquisulpkid of carbon, the 
substance discovered by me two years ago. It was insoluble in 
water, alcohol, ether, chloroform, bisulphid of carbon, and oils, 
but soluble with decomposition in a boiling solution of caustic 
potassa. On heating it in a glass tube, it was directly si?parated 
into its components ; the sulphur volatilized and the carbon re- 
mained. 

If sulpho-carbonate of potassa, in concentrated solution, be 
exposed to the sunlight, the decomposition is so slight as hardly 
to be noticed; when the solution is treated with sodium amal- 
gam, however, a reduction to lower sulphids takes place. 

In view of the fact that direct sunlight reduces free bisul- 
phid of carbon, it might be supposed that the corrcsi)on(ling 
body, carbonic acid, would, in presence of water, be reduced in 
a similar manner; all my expenments in this direction, however, 
have thus far been unsuccessful. Nevertheless, since this reduc- 
tion takes place very readily in the tissues of plants under the 
influence of sunlight, I am not without hope that this process 
will yet be imitated in the laboratory. 

New York, Sept 20, 1868. 

♦ 0—12; 0=16; S=32, etc. 
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Art. XXXVII. — Observations on the Metamorphosis of Strt" 
don into Amhlystoma ; by O. C. Marsh, Professor of Pa- 

Ifleontology in Yale College. With a plate. 

While on a geological excursion to the Rocky MotmtaiM, 
during the past summer vacation, the writer obtained at Lake 
Como, in Wyoming Territory, a number of specimens of 8irt^ 
don lichenoides Baird, one of the most interesting forms of 
the Urodcla^ or tailed Batrachians, and one hitherto but littie 
studied. This lake is a small shallow sheet of water, distinctly 
brackish, or " alkaline," apparently from the salts of soda. It 
lies near the Union Pacific Railroad, about 640 miles west of 
Omaha, aud at an elevation of about 7,000 feet above the sea. 
The surrounding region is an arid desert, with little or no vege- 
tation except cactus and wild sage. 

The Siredons obtained at this locality, where the species, 
known as the " Fish with legs," is quite abundant, showed at 
first no differences except those of age and sex. They were 
from five to ten inches in length, of a uniform dark olive, or 
pistachio-green color above, and a light olive below. The vas- 
cular fimbric'e of the external branchial appendages, or giUs, 
were black. In form and general appearance all the speci- 
mens corresponded essentially with the one represented in 
figures 1 and la, in the accompanying plate. They were 
broui^ht to New Haven alive, apparently without suffering 
much inconvenience, either from a transfer to fresh water, 
or from the long journey. They all fed readily upon worm* 
and insects, and occasionally came to the surface and inhaled 
air. More rarely an exhalation occurred, usually under water. 
On being removed from their native element they soon showtd 
the same signs of distress as fishes under similar circumstances, 
although in a much less degree. 

The account recently ])ubHshed by Prof. DumiSril of the re- 
markable metamorphosis of the second generation of Axolotls 
{Siredon Mcxicamis) from the table lands of Mexico, while 
Kept in the Museum d'Histoire naturelle, in Paris,** made it a 
point of no little interest to determine whether this species 
also would under <i;o a similar change when placed under differ- 
ent physical conditions, and hence the specimens were watched 
with considerable care. 

The first indications of any change were observed in one of 
the smaller specimens, about six inches in length ; and the 
metamorphosis had apparently commenced during the joumer 
from Lake C«)mo to New Haven, which lasted about a week. 
Small round spots of dark brown were first noticed on the side* 

♦ Comptos Rendus, tome Ixi, p. 7*75, 1865, and tomo Ixv, p. 242, 1867. 
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of the tail, and the color of the entire animal gradually as- 
sumed a darker hue. The broad thin membrane along the 
back, and above and below the tail, gradually began to di- 
minish by absorption, the external branchial appendages soon 
became similarly aflFected, especially at the ends, and the ani- 
mal came more frequently to the surface of the water for air. 
As the change went on, the dark spots increased in number and 
size, and gradually extended over the whole upper part of the 
body. The membrane on the back and tail entirely disap- 
peared, leaving in its place in the dorsal region a sharp groove. 
The branchise also continued to diminish, and at the same 
time the internal branchial arches began to be absorbed, and 
shortly after the openings on the neck closed up. In the mean- 
time the head became more rounded above, and more oval in 
outline, the muzzle narrower and more pointed, and the eyes 
more convex and prominent. The body also decreased in bulk, 
and the costal grooves became more distinct. The thin exter- 
nal skin was shed, and the secretion of mucus from the surface 
sensibly diminished. During these changes the animal showed 
an increasing desire to leave the water, often remaining for some 
time with its external nostrils above the surface, and occasion- 
ally making violent struggles to escai)e. Aided by a heavy 
rain at night it at last succeeded, and thus put an end to fur- 
ther observations, just at a time when it had lost the generic 
characters of SiredoUy and become a true Amhlystoma^ two 
forms of Batrachians usually regarded hitherto as belonging to 
distinct families. 

Fortunately, a few days later, several other specimens of va- 
rious sizes began, nearly at the same time, to show unmistaka- 
ble indications of a similar transformation, and this afforded an 
opportunity of noting the successive phases of the change more 
fully, as well as of observing the physical conditions which 
seemed to promote or retard it. Two of the si)ecimcns were 
placed in a glass jar, and left in a strong light, and five others 
were kept in a cooler place in the shade, the temperature of the 
two, however, diflFering but a few degrees. At the end of three 
weeks those in the glass vessel had apparently completed their 
metamorphosis, while of the others less favorably situated three 
only were partially altered, and at the present time, or nearly 
three weeks later, they still retain tubercular remnants of the 
external branchiae, although in most other respects the change 
appears to be complete. The two remaining specimens, how- 
ever, which had throughout been kept with the three last, 
showed no distinct signs of changing, although the probability 
of their doing so, and the importance of retaming some tangi- 
ble evidence of the original condition, led to the transfer of one 
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of them to a jar of alcohol after the first week, a precaution, as 
the result showed, quite unnecessary in the case of the other, 
which at the time of writing (Oct. 5th) still remains a typical 
Siredon, with no alteration more important than a single ap- 
pearance in a new epidermis. 

The changes observed in the five specimens that underwent 
the complete metamorphosis were essentially the same as those 
noticed in the one already described, although in no two indi- 
viduals were the successive phases quite contemporaneous or 
identical. The most marked diflFerenccs observed were in the 
color, both during the transformation, and after its completion. 
This was very noticeable even in specimens exposed to the same 
physical conditions. In the siredon stat« all were apparently 
precisely alike in this respect, and the first indications of 
change detected in each case was the appearance of the small 
dark spots along the sides of the tail. From this stage onward 
the variation in color in diflFerent individuals became very 
marked. Of the two specimens exposed to a strong light in 
the glass vessel, one rapidly became covered with dark spots, 
especially on the back and sides, until finally these predomi- 
nated, and the grayish yelloty of the ground color only re- 
mained in vertical and irregular patches (figure 3), the" rest 
being a greenish black. The companion of this specimen, 
however, although aj)parently equally advanced in develop- 
ment, retained for some time nearly the original siredon color, 
the only diflerence being some irregular blotches on the sides, 
to which the specific name lichenoides would very appropri- 
at(»ly apply. Tliese were the extremes of coloring after the 
chanj^o, the other specimens showing various intermediate 
grades, one individual, represented in fig. 2, having dark brown 
spots on a light olive gi'ound. All the altered specimens, it 
should be stated, ajijmrently belonged to the species AmUij^- 
toma mavortium Baird, as recently defined by Prof. Cope in 
his a])li? Re^dew of tlie Amblystomidw ;* and it is an interest- 
ing fact that among the six specimens that have already 
changed, tlie present coloration appears to indicate two, if not 
three, of the forms which he there regards as varieties, althoagh 
previously considered as species by other eminent authorities. 
The two types best represented are shown in figures 2 
and 3. In this connection should perhaps be mentioned a 
remarkable change of color which took place in one of the 
Siredons before any indications of metamorphosis had been 
detected. The animal had been in the dark for several days, 
and was then placed in a white porcelain vessel, and kept for 
several hoiu"s in a strong light, while an attempt was made to 

* Procecdmgs Philadelphia Acad., zlx, p. 166, 1867. 
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photograph it. During this time it changed from the dark 
siredon color to a very light yellow. The next morning the 
original color had returned, but a second exposure produced 
the same change, which was as speedily reversed on returning 
the animal to. tne dark, although it evidently suflFered consid- 
erably from the treatment. Even a moderately strong light 
appeared to be distasteful to all the Siredons, and they usually 
sought the darkest part of the space in which they were 
confined. 

The second distinct phase in the metamorphosis, which, how- 
ever, commenced in every instance before tne change in color 
had made much progress, was the absorption of the dorsal and 
caudal membranes. This began on the lower margin of the 
tail, and soon after could be detected in the dorsal region, and 
then farther back, the last portion remaining being usually on 
the upper part of the tail. The absorption extended below the 
dorsal surface, leaving at first a groove alon^ the back, marking 
the position ot the membrane;* and as this disappeared the light 
colored specimens retained in its place a narrow black line, 
which extended also to the end of the tail. 

The absorption of the external branchieB was the next marked 
feature in the transformation, although this also commenced 
before the changes just mentioned were completed. The atro- 
phy apparently began at the extremities of the branchial pro- 
cesses, and when these had diminished to about half their nat- 
ural size, and the fimbrieB had disappeared, the ends rolled up 
underneath, leaving the remnants as rounded tubercles, which, 
in some of the specimens remained long after all the other 
stages of the transformation were passed (figure 2). The ab- 
sorption, moreover, did not always proceed with equal rapidity 
on the two sides of the same animal, but in one instance stumps 
of the processes were retained on one side some time after those 
on the other had disappeared. During the diminution of the 
external branchi®, the internal vascular arches which support 
the external processes also became absorbed. As these disap- 
peared, the orifices on either side of the neck, and the open 
fold of the throat became closed by the adhesion of the oper- 
cular flap to the surface below, leaving, especially in the gular 
region, a deep cicatrix. These changes, which were in each 
case apparently completed before the remnants of the externa 
'branchiaa had disappeared, were evidently the main cause of a 
marked alteration m the shape of the head, which occurred 
about the same time. In the siredon state the head is broad- 
est at the base, and comparatively flat above (figures 1 and 1 a), 
but after the loss of the branchial arches, its greatest breadth 
was a little back of the eyes, while it was much more rounded 
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above, and in outline more oval. The neck also diminished 
in size, and the snout became more pointed. The change in 
the eyes, already alluded to, likewise altered the appearance of 
the head materially. The flat, fish-like eye of tne Siredon 

S rejected very slightly above the surface of the head, but 
uring the transformation this organ became more convex, and 
also much more prominent (figures 2 and 3). This change in 
the eye was apparently indicated also in the habits of the ani- 
mal. The Siredons seldom missed their aim in catching a 
worm or insect, but when under water after the metamorphosis 
they often made several ineffectual attempts' to seize objects 
quite near them. 

One of the most interesting features of the transformation 
occurred in connection with the mouth of the animaL The 
opening, or gape, increased considerably in size, one half at 
least ; the internal and external nostrils became perceptibly 
more distended, and the tonsue, which was at first smaU, en- 
larged so as nearly to cover the entire floor of the mouth. An 
important change also took place in the teeth. In the Siredon 
the palatine series on the vomerine and pterygoid bones formed 
an arch nearly concentric with the maxillary row, and extending 
forward between and beyond the inner nostrils. The arch is 
interrupted in front, and to some extent on the sides, as repre- 
sented in figure 16, which shows the position of these teeth, 
but not their exact number or size. After the metamorphosis, 
the palatine series project farther from the roof of the month, 
and become much more tranverse, forming an obtuse angle 
instead of an arch, with the interspaces nearly or quite united 
(figure 3 a). The maxillary series also form a somewhat nar- 
rower arch, corresponding to the more pointed snout of the 
Amblystoma, and the splenial teeth of the low^er jaw have 
gradually disappeared. These changes in the dental series, it 
should be stated, were not in all cases perfectly uniform in dif- 
ferent individuals that had apparently passed through the same 
external phases of transformation, although the tendency was 
all in the same direction ; and hence it is not unlikely that the 
palatine teeth of some, at least, of the specimens examined, 
may eventually become still more transverse than those repre- 
sented in the figure. 

Among the other more important changes which occurred 
during the metamorphosis may be mentioned the decrease in 
the size of the entire body, which was very marked, a perceptible 
increase in the distinctness of the costal grooves corresponding: 
to the vertebrae, and the gradual ossification of the carpus and 
tarsus. The feet also became less palmate, and the toes less 
depressed. During the transformation, moreover, and espe- 
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cially after its completion, all the specimens shed the thin, 
transparent epidermis, some of them very frequently ; one, in- 
deed (figure 3), which had been kept in a strong light, lost this 
covering three times in the ten days immediately following the 
metamorphosis. 

The change in the habits of the Siredon in passing into the 
Amblystoma state, was scarcely less marked than the alteration 
in its physical characters. As soon as the absorption of the 
external branchi£e commenced, the animal came more frequently 
to the top of the water and took in a mouthful of air; and not 
lon^ afterwards would occasionally float for some time at an 
an^e of about 45°, with the external nostrils above the sur- 
face. Frequent eflforts to leave the water soon followed, and 
an opportunity of so doing was in most instances speedily im- 
proved, and the change then seemed to progress more rapidly. 
One or two specimens, however, showed for some time, espe- 
cially in cool weather, much less inclination to desert their na- 
tive element, apparently suffering little or no inconvenience 
from remaining under water, if allowed to come to the surface 
about once in five minutes. The pugnacious propensities of 
the Siredons, which at first led to occasional assaults on one 
another, appeared to diminish as the change progressed, and 
the more sluggish nature of Salamanders at last predomina- 
ted ; although the altered forms at times showed no little 
celerity of movement, and when irritated, especially when held 
by the tail, would often turn and snap at the hand with a ra- 

Eidity that would have done no discredit to a reptile of much 
igher organization. 

The eflrect on the metamorphosis of a variation in light and 
temperature has already been alluded to. During a succession 
of very warm days, about the first of September, the change 
progressed with great rapidity, but it apparently ceased, or 
made very slight progress, in the cool week that followed. 
While, moreover, the two specimens most favored in regard to 
light and warmth passed apparently through the entire trans- 
formation in about twenty days, those which commenced at 
the same time, but were less favorably situated, required at 
least twice that time for its completion. The only living speci- 
men still remaining unchanged (figures 1 and la) has twice 
shown slight indications of an approaching metamorphosis, but 
with the exception of some spots, these have apparently soon 
disappeared after a transfer to a dark and cooler place. 

Inasmuch as this species of uim&Zys^owa appears to have 
never before been studied from living specimens, and especially 
as its larva (hitherto known only as Siredon lichenoides Baird) 

Aic Jour. Sol— Sboond Sbbibs, Vol. XLVI, No. 13S.— Noy.,lS6S. 

25 



372 0. C. Marsh on the Metamorphoais of 

in each instance — as not unfrequently occurs in nature — some 
of the characters which distinguish the species had aheady 
preceded them. Among the altered forms, developed from lar- 
V89 apparently identical, the two types of coloration, shown 
respectively in figures 3 and 2, have each at present two repre- 
sentatives, and are sufficiently distinct to merit a more particu- 
lar description. The former has a ground color of greenish 
black, on which are bands or patches of grayish yellow, more 
or less confluent, especially along the back. The abdomen is 
dusky olive, with a darker medial band. The latter type 
(figure 2) clearly corresponds to Amhlystoma maculatum Hal- 
lowell, which is regarded by Prof. Cope as a variety of A. ma- 
vortium Baird. In this form the ground color is light oUve, 
on which are scattered numerous small brown spots. In each 
specimen, a few of these first appeared on the tail, and next 
four of larger size on either shoulder, and subsequently others 
on the sides. The specimens of this type are also larger, and 
more sluggish in habit than the other variety, and until very 
recently would have been considered distinct species by all 
herpetologists. In most other respects, however, there is little 
or no difference between the two forms, and both of them, with 
one other specimen representing an intermediate grade, must 
apparently all be regarded as belonging to Prof. Baird's spe- 
cies Amblyatoma mavortiumj^ 

At the time the Siredons here described were obtained at 
Lake Como, several others also were secured by Prof. Eustis of 
Harvard College. All were brought to New York together, and 
there separated, part being taken to Cambridge, where they have 
since been carefully observed by Professors Wyman and Eustis, 
and the rest brought to New Haven by the writer. The former 
specimens, however, strange to say, have shown but very little 
inclination to change, none having commenced so doing until 
after several of the latter had fully developed into Amblvsto- 
mata, and only the smallest, about five inches in length, having 
just completed its metamorphosis. This individual, as Prof. Wy- 
man informs the writer, seems still to prefer remainino' in the 
water — doubtless owing in part to the cool autumnal weather— 
although it is there exposed to attacks from the large Siredons, 
one of which has twice attempted to swallow it — an interestint' 
fact illustrating the habits of the species. Two of the Siredons 
kept by Prof. Eustis escaped during a rain storm, and six days 
afterward one of them was found still alive, although shrivelled 
up, and the branchiae partially gone. On being placed in wa- 
ter, it refused food, and soon died. That Siredons of appar- 
ently this species are occasionally found in wet grass near the 

* Journal Acad. Nat Sci. Philadelphia^ 1849, p. 292. 
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water, especially after thunder showers, had abeady been no- 
ticed by Dr. Suckley,* but that they can remain out of water 
for several days is a new and important fact, showing that even 
before metamorphosis the lungs are sufficiently developed to 
sustain life without the aid of branchial or dermal respiration. 

Whether this species of Siredon ever changes at Lake Como, 
and in other similar regions, is an interesting question, and 
one that cannot, perhaps, at present, be answered with cer- 
tainty. That it does so occasionally, however, under favorable 
circumstances, especially when young, several facts known to 
the writer would seem to indicate, although Dr. Suckley, one 
of the few observers who have hitherto examined it in its habi- 
tat, regards it as probably permanently aquatic.f In the ele- 
vated region where Lake Como is situated, although the 
weather in summer is quite warm, the nights are always cool, 
and the changes of temperature often sudden and very great ; 
hence the metamor]^)hosis, if it began, would probably proceed 
slowly, and be liable to suspensions during its various stages. 
That the species, however, breeds in the siredon state, like the 
Mexican Axolotl, there can be little doubt, although direct 
evidence on this point appears to be wanting. The observa- 
tions of Dum^ril, already alluded to, and other similar facts, 
render it probable that after reproduction the power of com- 
plete development would be lost ; although alterations in color 
and other minor changes might still occur. 

The near approximation in many Batrachians of the periods 
of reproduction and metamorphosis, and the effects, especially 
upon the later, of even slight differences of physical conditions, 
as shown in the preceding instances, are known to produce 
when combined remarkable variations in the same species, as 
well as other results until recently quite unexpected. The 
bearing of these and similar facts on a theory of development, 
although an inviting topic to enter upon, cannot for various 
reasons be discussed in tnis connection, but it is evident that in 
this direction lies a rich field for further investigation. The 
observations here recorded, however, when taken in connection 
with those of Dum^ril on the Mexican Axolotl, render it ex- 
tremely probable — ^as Cuvier long a^o seems to have sus- 
pectedj — that all Siredons are merely larval Salamanders, and 
also suggests a doubt whether some, at least, of the other so- 
called Perennibranchiates (by no means a natural division of 
the Batrachia) may not prove eventually to be the undevel- 
oped young of well known species. 

In addition to the acknowledgments already made, the writer 

* Pacific R. R. Report, vol. xii, part 2, p. 306. f J^« ^*« 
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desires, in concluding, to express his thanks to G«n. W. Snyder, 
Superintendent of me Union Pacific Baikoad, for his kind 
assistance in securing the Siredons at Lake Como in August 
last ; to his friend Prof. E. D. Cope, of Philadelphia, for vyi- 
0U8 suggestions in regard to the subject here treated of, and 
likewise to his friend, Prof. George F. Barker, of Yale College, 
for careful observations on the specimens while he was tempo- 
rarily absent from New Haven. 

Yale College,. Oct. 10th, 1868. 

Explanation of the Plate. 

Figure 1. Undeveloped larva of Amhlysiama mai>ortium Baird, hitherto known 
as Siredon lichenoides Baird. Animal represented as in motion, with 
eztomal branchis thrown back (\ natural size). 

Fig^ure la. Dorsal view of same specimen when at rest, with branchise fullj ex- 
panded (\ natural size). 

Figure 15. View from below, showing arrangement of maxillary and palatine 
series of larval teeth and inner nostrils of same species (natural size). 

^gure 2. Amblystoma mavortium Baird, (variety A. maeukUuTn Hall), partiallj 
developed from Siredon lichenoides Baird, with remnants of external 
branohijB, and internal arches, still retained {^ natural size). 

Figure 3. Amblystoma mavortium Baird, developed from Siredon Uchenoicks 
Baird: metamorphosis apparently completed (* natural size). 

Figure 3a. Maxillary and palatine series of teeth of Amblystoma mavortium Baird, 
after metamorphosis (natural size). 



Art. XXXVIII. — Notice of a new and diminvtive species of 
fossil Horse (Equus parvtUus), from the Tertiary of Ne- 
braska ; by Prof. 0, C. Marsh, of Yale College. 

In a small collection of fossil vertebrate remains, obtained 
by the writer during the past summer in the Tertiary deposits 
of Nebraska, there are several specimens of no little interest, as 
they indicate a new species of fossil horse, very much smaller 
than any hitherto known. These remains were collected at An- 
telope station on the Union Pacific Railroad, about 450 miles 
west of Omaha, where a few weeks before, during the excavation 
of a well, they had been thrown out from a depth of sixty- 
eight feet. This locality has since attained considerable noto- 
riety, from the fact that the remains then found were pronoim- 
ced to be human by those who first examined them, and various 
accounts of the discovery have been published in the newspapers. 
This, in fact, induced the writer, when in the vicinity, to ex- 
amine the locality and its fossils, an account of which he has 
already given elsewhere.* 

* National Academy ot ^dexLoe^. ^Q>x\kd.m^tAu Meeting, Aug. 1868. 
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The equine remains now to be noticed consist mainly of bones 
of the limbs, and among them is a hoof-phalanx, a coronary or 
second phalanx, parts of the first phalanx and metacarpals, as 
well as some of the smaller carpal and tarsal bones, and frag- 
ments, apparently from other parts of the skeleton. All are in 
an excellent state of preservation, and part of them are so 
characteristic that they clearly indicate the near affinities of 
the animal to which they belonged. 

The ungual or hoof-phalanx mfiers in form from that of the 
recent horse only in being somewhat more depressed, and in 
having the sides of the upper surface slightly less convex trans- 
versely, and the beak of the articular face a little less pointed. 
Its length measured along the axis is very nearly one inch, the 
shorter diameter of the articular face is five lines, and the lon- 
ger, or transverse, ten lines. The coronary, or middle phalanx, 
18 proportionally more elongated than in the living species, and 
its proximal end rather more triangular. Its length along the 
axis in front is nine lines, the width of the articular face of the 
proximal end ten lines, and that of the distal end nine lines. 
The dimensions of all, or nearly all, of the remaining bones ren- 
der it very probable that they belonged to the same individual, 
or at least to one of similar size, and specifically identical. 
They indicate an equine animal scarcely more than two feet, or 
possibly two and one-half feet in height, although full grown, 
as the ossification of the various bones clearly proves. Ad- 
ditional parts of the skeleton, especially the teeth, would per- 
haps show generic characters different from those of the living 
horse, but in the absence of these, as the remains are evidently 
distinct from any hitherto described, the species may be named 
Equus parvulua. This makes seventeen species of fossil horses 
now known to have lived in North America, although until 
quite recently it was very generally believed that there was none 
indigenous to the continent. 

The bones above described occur in a stratum of gray arena- 
ceous clay, lyinor nearly horizontally, and apparently of later 
Tertiary age. The large number of vertebrate remains found 
together in the space of a few feet indicates a remarkable local- 
ity, which unfortunately cannot again be reached except by 
deep excavation ; and hence it is greatly to be regretted that 
so many of the specimens should have been lost to science by 
being carried away as human relics. Among those secured by 
the writer, in addition to the equine fossils, were the remains of 
several species of ruminants, a phalanx of a carnivorous animal 
about the size of a lynx, and fragments of a land turtle resem- 
bling somewhat the Testudo neobrarensis Leidy, all of which 
will be more fully described in this Journal at an early day. 

Yale College, Oct. 6th, 1S68. 
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Art. XXXIX. — On Hansen's Theory of the physical Consti- 
tution of the Moon; by Simon Newcomb. 

The great reputation of the author has given extensive cur- 
rency to the hypothesis put forth by Prof. Hansen some years 
since, that the center of gravity of the moon is considerably 
farther removed from us than the center of figure. The conse- 
quences of this hypothesis are developed in an elaborate mathe- 
matical memoir to be found in the twenty-fourth volume of the 
Memoirs of the Royal Astronomical Society. But the recep- 
tion of the doctrine seems to have been based rather on faith in 
its author, than on any critical examination of its logical 
foundation.* Such an examination it is proposed to give it. 
An indispensable preliminary to this examination is a clear 
understanding of what the basis of the doctrine is. Let m 
then consider these three propositions : 

1. The moon revolves on her axis with a uniform motion 
equal to her mean motion around the earth. 

2. Her motion around the earth is not uniform, but she is 
sometimes ahead of and sometimes behind her mean place, 
owing both to the elliptic inequality of her motions and to 
perturbations. 

3. Suppose her center of gravity to be farther removed from 
us than her center of figure, and so placed that when the moon 
is in her mean position in her orbit, the line joining these cen- 
ters passes through the center of the earth. 

Let us also conceive that these two centers are visible to an 
observer on the earth. Then a consideration of the geometri- 
cal arrangements of the problem will make it clear that when 
the moon is ahead of her mean place, the observ^er will see the 
two centers separated, the one nearest him being farther ad- 
vanced in the orbit, while, when the moon is behind her mean 
place, the nearest center will be behind the other. This ap- 
parent oscillation of the two centers is, indeed, an immediate 
effect of the moon's libration in longitude. 

Now the inequalities in the moon's motion, computed from 
the theory of gravitation, are those of a supposed center of 
gravity. But the inequalities given by observation are those 
of the center of figure. Hence, in the case supposed, the ine- 
qualities of observation will be greater than those of theory. 

* In this connection it is curious to notice that on page 83 of his memoir Hja-| 
pen appears as the first of the independent modern discoverers of CagnoU's theo- 
rem of spherical trigonometry : 

cos a cos h cos C+sin a sin 5^cos A cos B cos c+sin A sin B. 

This was about three years before the abore fbrmula was published as new If I 
3fr. Cayloy, and gooraetnAoAlily ^<&mQVAVn.\«& by Prod Airy in tlie PhUosophi* 
Magazine. 
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Also, their ratio will be inversely as that of the distances of 
the centers which they represent. 

Prof. Hansen, in comparing his theory with observations, 
found that the theoretical inequalities would agree better with 
observation when multiplied by the constant factor 1 '0001544, 
Supposing that this result could be accounted for on the hy- 
pothesis of a separation of the centers of gravity and figure, he 
thence inferred that the hypothesis was true. But the result 
cannot be entirely accounted for in this way, because the 
largest inequality of theory (evection) has a factor (eccentricity) 
which can only be determined from observation, and therefore 
even the theoretical evection is that of the center of figure, and 
not of the center of gravity. It must not be forgotten that 
the eccentricity, which is not given by theory, is subject to be 
multiplied by the same fiactor that multiplies, the other ine- 
qualities. To be more explicit. 

Let e be the true eccentricity of the orbit described by the 
moon's center of gravity. Then the true evection in the same 
orbit will be exA; 

A being a factor depending principally on the mean motions 
of the sun and moon. And on Hansen's hypothesis, the ap- 
jparent evection, or that of the center of figure, will be 

ex Ax 1-0001544. 

On the same hypothesis, the eccentricity derived from observa- 
tion, being half the coefficient of the principal term of the 
equation of the center, will be 

ex 1-0001544, 

3nd the theoretical evection computed with this eccentricity 

will be exl0001544xA, 

•which is the same with that derived from observation. Hence, 

The theoretical evection will agree with that of observation, 

^notwithstanding a separation of the centers of gravity and 

^figure of the moon. 

That Hansen overlooked this point is to be attributed to his 

zmethod of determining the lunar perturbations, by numerical 

computation from the various elements of the moon's motion, 

^4BO that the manner in which the inequality depends on the ele- 

ooaents does not appear. It is only when we determine the per- 

^"turbations in algebraic form that this dependence appears. 

^ Passing, now, from the evection, the next great perturbation 

of the moon's motion is the variation. But the value of this 

^perturbation has not been accurately determined from observa- 

*tton, because, attaining its maxima and minima in the moon's 

inputs, it is complicated with the moon's semi-diameter and 

■iparaUactic inequaUty. Even if the semi-diameter is known^ 

iathe two inequalities in question caunot \>^ ^ete^rccSLTL^ %^'^'^- 
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rately with precision, because their coefficients have the same 
sign in that part of the moon's orbit where nearly all the me> 
ridian observations are made. From this cause Airy's valae of 
the parallactical inequality from all the Greenwich observations 
from 1750 to 1830 was 3" in error. And when, in his last in- 
vestigation,^ Airy rejected the observations previous to 1811, 
owing to some uncertainty as to what semi-diameter should be 
employed, the result was still a second too small. It is there- 
fore interesting to find what value of the variation will result 
if we substitute the known value of the parallactic inequality 
in Airy's equations for the determination of that element 
Neglecting those unknowns which have small coefficients, these 
equations are, from 1806 to 1851, 

1806—15 10-66W+ 28-14V = + 17-2 

16—24 9-45 + 30-92 + 249 

25—33 9-43 + 29-26 + 421 

34r-42 9-29 + 27*28 + 108 

43—51 905 + 23-36 4- 79 

Sum, 47-88W+138-96V = +102-9 

In these equations Wx0"-73 represents the correction to the 
coefficient of variation, and Vx3"*77 that to the coefficient (tf 
parallactic inequality. We now know from recent special in- 
vestigations that the latter coefficient is very near 125"*50. 
Airy^s provisional one was 122"*10, whence, 

_ 125"-50-122'-10 

3"*77 ~~ 

The sum of the preceding equations gives 

W = 215-2-90V= -0-46. 
The resulting correction to the provision variation (2370"*3) is 
therefore -0-46x0" 73 = -0"-34, making the variation de- 
rived from observation 2369"*96, 

while Hansen's theoretical value is 2369 '86, 

and Delaunay's, 2369 "74 

The differences are too minute to found any theory upon. 

Leaving the evection and variation, the other inequalities are 
so minute that their product by Hansen's coefficient is alto- 
gether insensible. 

Summing up the results of our inquiry, it appears that ia 
the case ol the evection the supposed discoraance between 
theory and observation would not follow from Hansen's hy- 
pothesis, and therefore, even if it exists, cannot be attributed 
to that hypothesis as a cause. In the case of the variation no 
such discordance has been proved. In the case of the othff 
inequalities the discordance would be insensible. 

The hypothesis is tYiexeioi^ ^'k^^y^ QS.\ft^<Qal foundation. 
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Abt. XL. — Notices of papers in Physiological Ghemiairy — 
No. II; by Gborgb F. Barker, M.D. 

6. On the formation of Sugar in the Liver, 

(1.) In November, 1848, Bernard and Barreswil an- 
nounced to the French Academy* the discovery of a sugar 
similar to glucose, as a normal constituent of the liver, and 
exhibited a specimen of alcohol which they had prepared fi*om 
it. This sugar, they maintained, could not be recognized in 
any other organ, although it was constantly present in the 
liver, even of animals whose food had been for a long time 
exclusively animal. 

(2.) In a second communication, made to the Academy in 
October, 1850,f Bernard claimed to have demonstrated exper- 
imentally, during the two previous years, 1st, the constant 
presence of sugar in the liver, as a necessary condition of nutri- 
tion; 2d, the production of sugar as an especial function of the 
liver, independent of the particular food taken; and 3d, the 
dependence of the sugar-forming function upon nervous stim- 
ulus. The universality of this saccharine condition of the liver 
was established by experiments upon the principal classes of 
vertebrate animals, including man, as well as upon the mollusca 
among invertebrates. And his conclusion is that the blood 
which issues from the liver by the hepatic veins during digestion, 
is invariably saccharine, whatever the nature of the food. The 
amount of sugar, moreover, which is poured into the general 
circulation by the hepatic veins, diminishes with the activity 
of the digestive process; so that after a longer or shorter time, 
no sugar can be detected, either in the blood of these veins or 
in the tissue of the liver itself. The second point, the produc- 
tion of sugar by the liver, Bernard proved by feeding animals 
upon a diet exclusively animal, for four, five, or even eight 
months; at the end of this time, while no sugar could be de- 
tected either in the intestines, or in the blood of the portal vein, 
the blood of the hepatic veins was strongly saccharine. If 
therefore, the blood which enters the liver be free from sugar, 
and that which flows from it be rich in saccharine matter, it is 
evident that the sugar thus found has been supplied to it by 
the liver; and hence that this organ has the peculiar function 
of forming sugar. This sugar has been detected even in foetal 
ivers; beside being readily fermentable, its solution is browned 
on being heated with alkaline hydrates, and easily reduces alka- 
line solutions of copper. Finally, the necessity of nervous 

• C. E., xxvii, 614. \ I\>., xxsi, ^*\\. 
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stimulus to the production of sugar by the liver, was demon- 
strated by showing that this function ceased entirely on dividing 
the pneumogastric nerves of both sides in the yicinity of the 
heart. 

(3.) The same year, C. Q. Lehmank published^ the results 
of an extended research on the relative composition of portal 
and hepatic blood, made in order to elucidate the function of 
the liver. The experiments were made with horses; their food 
consisted of 2i lbs. rye-bran, 2 lbs. chopped straw and 2 lbs. 
hay, and they were killed by injecting air into the jugular vein, 
5 or 10 hours after eating. The blood was collected withont 
admixture, and minutely examined. After describing the phys- 
ical and morphological characters of the two varieties of blood, 
their chemical differences are considered. Portal blood contains 
fibrin, normal in amount and in properties; hepatic blood con- 
tains none. As to sugar, though abundant in the intestinal 
canal during the digestion of a mixed diet, Lehmann found 
that often it could not be detected in portiEd. blood, though 
sometimes traces were present, and twice he was able to estimate 
it quantitatively. To examine for it, the alcoholic extract of 
the residue of the blood, was precipitated by a freshly prepared 
alcoholic solution of potassic hydrate, the precipitate dissolved 
in water containing tartaric acid, and examined either by fer- 
mentation or a copper-test. In portal blood 0*055 per cent 
(calculated on the dry residue) of sugar was found, and in the 
serum -0052 per cent. In the hepatic veins on the other hand, 
sugar is not only uniformly present, but in larger amount than 
in the blood of any other vein. In three experiments, the 
dried residue of this blood gave 0'635, 0*893, and 0*776 per cent 
of sugar. In the hepatic blood of a dog fed on flesh, 0*838 per 
cent of sugar was found. Since therefore, the hepatic vein con- 
tains 80 much more saccharine matter than the portal, there can 
scarcely be a doubt of the formation of sugar by the liver. The 
remarkable disappearance of fibrin from the portal blood, may 
here find an explanation; since the protein bodies may, like 
salicin and similar substances, split into sugar and some other 
body containing their nitrogen. 

(4.) In a paper published in 1851,t Baumert, after enume- 
rating the intimate relations which exist between the different 
carbo-hydrates, and alluding to their rare occurrence in the an- 
imal organism, notices Bernard's investigations, and confirms 
them by experiments of his own. From 6 pounds of fresh 
sheep's livers, he obtained 3^ scruples of 70 per cent alcohol, 



♦ Ber. d. K.JS. d. Wiss. in Leipzig, 1S50; J. pr. Ch., liii, 205. 
367. Nov. 



f ^Jahresb. d. schles. Geaellsch. f. vaterl. Cultur, vol. xxviii; J. pr. Ch., li^. 
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(ep. gr. 0*892) ; and from the liver of a fox fed for six weeks 
on flesh, and killed with strychnia, he obtained sufficient alco- 
hol to recognize all its properties. He controverts the opinion 
that the hepatic sugar is simply retained there from a pi evious 
starchy food, since were this tne case, the quantity of this sugar 
found in the herbivorous liver should be much greater than it 
is. Nor can glucose be canied to the liver during a meat diet. 
by the portal vein, since he was unable to detect it in portal 
blood, though his experiments were made with great care. 
Baumert also confirms Bernard's statement that sugar exists in 
the blood of the right ventricle, and considers it probable that 
it is oxydized in the lungs; though he was unable to demon- 
strate experimentally any of the intermediate products of this 
oxydation. 

(5.) Dessaignes in 1854,* showed that the aqueous extract 
from the liver of the calf contained sugar, because, when mixed 
with chalk, and kept at a temperature of 25° to 35° C, it ac- 
tively fermented, and yielded lactic acid, of the same kind as 
that produced from milk. 

(6.) In January, 1855, Figuibb presented a paper to the 
Academyf in which he sought to prove the existence normally 
of sugar in the blood of animals fed on a mixed diet, in amount 
equal to about one-half that found by Bernard in the liver; 
and, since the meat on which Bernard's animals were fed, came 
from the herbivora the blood of which contains sugar, he argues 
that the liver is an organ designed simply for storing up the 
sugar which reaches it by the portal vein. The amount of glu- 
cose which he found in the liver of rabbits was 1*3 per cent, and 
of cattle 1*4 per cent. In the hlood of rabbits he found 0*57, in 
that of an ox 0*48, and in that of man 0-58 per cent. He also 
calls attention to the fact that the product of the action of the 
digestive fluids upon the albuminates, called albuminose, pre- 
vents the detection of sugar by the copper-tests. 

(7.) In February, Longet published^ the results of some 
careful experiments upon the influence exerted by albuminose 
upon the detection of sugar. He was never able to detect 
sugar in portal blood by the copper-test, even of animals 
living on a mixed diet. And he concludes from his research, 
that when the product of the transformation of a nitrogenous 
food by the gastric juice exists in the blood in considerable 
amount, and at the same time glucose in small amount, neither 
the copper-test, boiling with potassic hydrate, polarimetry, 
alcoholic fermentation, nor in a word, any other method in use, 
can demonstrate directly the existence there of the saccharine 
matter. 

* J. phftrm. m, zxv, 29; Jahresb., 1864, 405? 

t 0. B., X\ 228. X Ib.^^.lA^. 
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(8.) In March, Lehmann communicated to the Academy* tbe 
results already mentioned, together with some new facts. He 
found not a trace of sugar in the portal blood of dogs, either 
when fasting or fed on meat; when fed on boiled potatoes, 
however, traces were detected. In the hepatic blood, on the 
other hand, of three dogs fed on meat, 0*814, 0*799, 0-946 pCT 
cent of sugar was found; of three others, fasting for two days, 
0-764, 0-638, 0804 per cent; and of two others fed with pota- 
toes, 0*981, 0-854 per cent. In arterial blood, sugar is rarely 
found. Lehmann was unable to detect it in that of horses fed 
on starch or oats, or of rabbits fed on sugar, or given a large 
quantity of beets or carrots. 

(9.) To this paper, Bernard added a note,-}* in which he 
says that the meat on which his animals were led, was proved 
by analysis to be free from sugar; asserts that the sugar found 
in the general circulation is liver-sugar which has escaped oxy- 
dation in the lungs; controverts Schmidt's idea that sugar, like 
urea, is formed throughout the body and is simply excreted by 
the liver; remarks that the formation of sugar by the liver can 
no longer be disputed; and concludes that the only question 
remaining is, from what materials is this sugar formed. Since 
his researches have shown that the ingestion of fat diminishes 
the production of sugar, he is disposed to agree with Lehmann 
that it is formed from nitrogenous materials. 

(10.) On the 26th of March, Figuier communicated^ new 
experiments to prove the existence of sugar in port-al blood. 
A young dog, large and vigorous, was fed, after three days fast- 
ing, with raw beef for eight days, then allowed to fast forty 
hours, and then given 2\ pounds of raw beef. Two hours after, 
an incision was made in the right side of the animal, the index 
finger introduced through the opening along the inferior border 
of the liver, and the portal vein seized and ligated. Then the 
abdomen was opened and the blood from the engorged portal 
vein collected. By opening the thoracic cavity, blood was ob- 
tained from the right ventricle and from the inferior vena cava. 
The portal blood weighed 102 grams; it was coagulated by 
the addition of three times its volume of alcohol, and the 
strained liquid acidulated slightly with acetic acid, was evapo- 
rated to dryness, dissolved in water and again evaporated; the 
residue weighed 1*07 grams. Its solution reacted readily with 
the copper-test; and by this means the sugar present was de- 
termined to be 0*248 per cent of the entire blood. The blood 
taken above the liver, which weighed 25 grams, left after the 
above treatment, 015 grams, and afforded only traces of sugar. 
On repeating the experiment with another dog fed for 12 days 

* 0. R., xl, 685. • t Il>M P- 68^- X lb., p. 674, 
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with raw beef, and examined four hours after taking food, the 
portal blood contained 0*231 per cent of sugar, the hepatic, 
0'304 per cent. Hence the liver simply accumulates the sugar. 
He contends that his method of operating prevents regurgita- 
tion; and to prove it, he examined the portal blood 36 hours 
after eating, when it contained no sugar, while the liver was de- 
cidedly saccharine. 

(11.) In a note to the Academy, presented on the second of 
April,* Bernard says: 

" Dans la demiere stance de 1' Academic, on a ni6 1'exaetitnde de 
ces faits constates et verifies par les hommes les plus competents 
et les plus habiles. 

*' L'auteur qui a emis cette ndgation est amve non seulement k 
dire que chez les animaux carnivores, a certains periodcs de la di- 
gestion, 11 y a du Sucre dans le sang de la veine porte aussi bien 
que dans celui des veines h^patiques, mais il n'a pas craint d'avan- 
cer que deux heures apres le repas, on trouve chez un chien qui a 
mang6 de la viande de bceuf crue une plus forte proportion de 
Sucre dans le sang de la veine porte que dans le sang pris au-dessus 
du foie. 

"L'assurance avec laquelle une pareille assertion a 6te avanc^e 
pourrait peut-6tre en imposer k certaines personnes. C'est pour- 
quoi je crois de mon devoir de venir d6clarer ici que ces resultats 
sont entierement inexacts." * * * * " Or je declare de nouveau 
que j'ai toujours obtenu le resultat que j'avais annonc6, a savoir que 
chez un chien en digestion de viande cuite ou cri^e il n'y a pas 
de Sucre dans la veine porte, ni une heiu*e, ni deux heures, ni trois 
heures, etc., apr^s le repas, et qu'il y en a au contraire dans les 
m^mes circonstances constamment et en notable proportion dans 
le sang des veines hepatiques." 

(12.) At the same session, Bernard presented a note from 
Lehmann,f confirming his view that the haematin which dis- 
appears from the blood in considerable quantity in passing 
through the liver, is converted into sugar. He finds, 1st, that 
on dry distillation, hsBmatin crystals yield at first an acid va- 
por, like the carbo-hydrates; and 2d, that on reducing the hae- 
matin dissolved in alcohol by nitrous ether, it yields a product 
which reduces the copper-tests, and which ferments, giving 
carbonic acid and alcohol. 

(13.) On the 16th of April,J Poggiale gave the results of 
his experiments made to decide the sugar-forming power of the 
liver, which in the main confirm Bernard's views. 

(14.) At this session also, Lecokte, one of Majendie's as- 
sistants, who had aided Bernard in his investigations, commu- 
mcated§ the method adopted at the College de France, for de- 
monstrating the sugar-forming function. The animals experi- 

♦ 0. R., xl, tie. t I^M p. ''''4. % lb., p. 887. § lb., p. 903. 
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mented on were all killed by a section of the medulla; the por- 
tal vein was then lifted through an incision on the right side, 
the abdomen opened, and the inferior vena cava tied toIow the 
diaphragm. By cutting through this muscle^ a second ligature 
was placed upon the vena cava, just above it. It was then 
easy to collect the hepatic blood without admixture, by intro- 
ducing a glass tube into that portion of the vena cava included 
between the ligatures. The portal blood was obtained by means 
of a second tube introduced below the portal ligature. Exper- 
iment has shown that blood taken between this ligature and the 
liver always contains sugar, from regurgitation. The blood to 
be examined is mixed with three times its weight of strong 
alcohol, strained through linen, pressed out, the residues and 
vessels washed with alcohol, the whole filtered, acidulated with 
a few drops of acetic acid and evaporated on the water bath. 
The residue is mixed with water, a gram of fresh yeast is added, 
and the whole is introduced into a graduated bell-jar over mer- 
cury, standing in a warm place. A like quantity of the same 
yeast mixed with distilled water is used as a blank test, for 
comparison. After from 18 to 24 hours, the gas evolved is 
measured, the necessary corrections are made, and the amount 
of sugar calculated. Three careful quantitative examinations 
made in this way, showed no sugar in the portal blood of ani- 
mals fed on meat, either raw or cooked; while under the same 
conditions the hepatic blood contained from one to four thou- 
sandths of its weight of sugar. 

(15.) In May, 1855, F. W. Pavy communicated to the 
Royal Society* the results of his researches upon the disap- 
pearance of the liver-sugar from the circulation. By following 
the course of the arterial blood through the capillaries into 
the veins, he proved experimentally the gradual disappearance 
of the sugar throughout this course, though not with equal 
rapidity at all jpoints; the capillaries of the chylopoietic viscera 
accomplishing it so perfectly that the portal blood is remarka- 
bly free from sugar, while that of the other large venous trunks, 
as the jugular and femoral, is considerably saccharine. Special 
investigation showed that the destruction of sugar, which takes 
place principally in the lungs, is not dependent upon the amount 
of oxygen supplied there; and farther, that sugar doe^ not 
disappear unless fibrin be present in the blood, both fibrin and 
oxygen being necessary, apparently, for its destruction. And 
inasmuch as the direct oxydation of glucose is not easy, Pavr 
suggests that under the influence of fibrin acting as a ferment, 
the sugar is split into lactic acid; an opinion which is strength- 
ened by numerous ingenious experiments. 

♦ Proc. Roy. Soc., tu, 371. 
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(16.) On the 18th of June, the Commission of the Academy, 
consisting of Pelouze, Bayer, and^ Dumas, to whom had been 
referred the papers of Figuier, Poggiale, and Leconte, made 
their report.* Confining themselves to a verification of facts, 
they state that since the universal presence of sugar in the 
liver, as the evidence of an important function of this organ, 
has never been contested, the questions to be settled, are its ori- 
gin in this viscus, its use there, and its final disappearance. 
After enumerating the views of the authors named, the Report 
says that Bernard's view rests upon four data: Ist, the constant 
presence of sugar in the liver of all animals ; 2d, the presence 
no less constant, of sugar in the hepatic veins ; 3d, the absence 
of sugar in the portal blood of animals fed on animal food; 
and 4th, the temporary appearance of sugar in portal blood, 
when the food is amylaceous or saccharine. Of these points, 
two, the 1st and 4th, are universally admitted; it therefore re- 
mains only to ascertain if the portal blood of animals fed on 
meat, contains sugar. The Commission were unable to find a 
trace of sugar in their experiments. And on comparing the 
portal and the hepatic blood of the same animal, they found 
that while the portal blood contained not a trace of sugar, 
that of the hepatic veins contained it in appreciable quantity. 
They therefore remark, in conclusion; "la doctrine profess^e 
par notre confrere parait intacte." 

(17.) On the 27th of August, Figuier replied to this Eepiort,t 
by asserting that the reason why sugar was not detected in 
the portal blood, was the presence there of some substance 
which prevented fermentation. He took a large dog which had 
been fed on horse-flesh for 8 days, supplied it with some of the 
same meat cooked, and 6 J hours afterward, ligated the portal 
vein as already described. The blood drawn from this vein, 
weighed when defibrinated, 700 grams; 600 grams of this were 
treated with 2^ volumes alcohol, strained from the coagulum, 
acidulated slightly with acetic acid, and evaporated on the water- 
bath. The residue wf s dissolved in water, the solution strained 
and divided into two portions; one of these was mixed with 
yeast under suitable conditions for fermentation, but with no 
result; the other portion was boiled for five minutes with a few 
drops of nitric acid, the clear yellow liquid exactly neutralized 
with sodic carbonate and mixed with well washed yeast. In 
15 minutes, fermentation began and continued several hours; 
the gas evolved was absorbed entirely by potassic hydrate, and 
on distillation, alcohol, recognizable by its odor and its reduc- 
tion of potassic dichromate with the odor of aldehyd, was 

♦ C. R., xl, 1281. . t C. R., xli, 352. 
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obtained. The experiment was repeated many timee and iIirtiyB 
with the same result. 

(18.) In a communication presented by Berkaed^ on the 
24tib of September, he recapitulates the grounds on which he 
bases his new function of the liver, and reviews Figuier some- 
what sharply, accusing him of shifting his ground in each of 
his three papers; he had himself repeated the experiments 
given in the last one with no result, no fermentartion oocurring 
even after boiling with acid. If, however, sugar be present in 
the portal blood, fermentation readily takes place, without pre- 
liminary treatment. Bernard then passes to the subject of his 
paper, " the mechanism of the glycogenic function of the liver." 
After alluding to the view of Schmidt (1849), that sugar is 
formed in the general circulation, of Lehmann that it is formed 
in the liver from fibrin or haamatin, and of Frerichs that ni- 
trogenous matters break up in the' liver into urea and sugar- 
all of which views suppose the change to take place in the 
blood, — ^he advances the opinion that the glycogenic sub- 
stance exists in the tissue of the liver itself. Tnis view he sus- 
tains by the following experiment: a vigorous and healthy dog, 
fed for many days exclusively upon meat, was killed by section 
of the medulla, seven hours after a full meal of tripe. The 
abdomen was immediately opened, the liver carefully removed, 
and while yet warm, before coagulation of the blood had taken 
place, the portal vein was connected with the laboratory hydrant 
by means of a rubber tube, and water allowed to flow through 
the organ, escaping from the hepatic veins in a strong jet 
Gradually the tissue of the liver became paler, and in 15 min- 
utes the water was colorless. After 40 minutes, the escaping 
water contained not a trace either of sugar or of albuminoid 
matter; and on macerating a fragment of the viscus, no sugar 
was detected in the tissue. The liver was then allowed to re- 
main exposed to the air for 24 hours, after which time sugar ex- 
isted in it abundantly; even a little liquid lemaining in the dish 
gave the reactions; and on injecting water into the portal vein, 
it issued strongly saccharine. The liver must therefore contain 
normally two substances: first sugar, very soluble in water, and 
easily removed by washing ; and second, another body, sufficientlT 
insoluble to remain after 40 minutes washing. This it is, which, 
when the liver is left to itself, changes into sugar. The change 
is prevented by cooking, and facilitated by chopping the organ 
fine; it is generally completed within 24 hours, the liver then 
containing as much sugar as at first; but a second fermentation 
is not possible, the material being exhausted. Bernard, more- 
over, proved the insolubility of this sugar-forming substance, 
in alcohol and ether*, and showed that it is confined strictly to 
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the liver, not being recognizable in portal or in any other blood. 
It is absent from this viscus, whenever the conditions are such 
as to interfere with the production of su^. This substance 
renewed incessantly under the influence oi nutrition, is contin- 
ually being transformed diuring life into saccharine matter, 
which replaces in the liver that which is constantly removed by 
flow of blood, into the hepatic veins. After death, the change 
continues until the material is exhausted; but then as the sugar 
is not removed, it accumulates in the liver-tissue; this is so 
charged with it, that it contains a considerably larger proportion 
of sugar the next day, than is found when the anim^ is killed. 
(19, 20.) A second research by Lehmann upon ^' the consti- 
tution of the blood of various vessels, with especial reference to 
the sugar it contains,'' was published during this year,^ a portion 
of which was presented to the Academy Oct. 22d,f by Bernard. 
The eimeriments were made on the blood of five horses, by the 
methods already Riven, the analysis being made in duplicate. 
In the blood of the inferior vena cava, in three trials, 0*346, 
0*311 and 0*492 per cent of sugar was found; but none could be 
detected in that of the jugular, external abdominal, or cephalic 
veins, nor in that of any artery. Though the uniformity of the 
analytical results ought to settle the question of the production 
of sugar by the liver, vet, as it has been strenuously denied, 
Lelunann thinks it of importance to examine the methods both 
chemical and physiological, which have been used. Of the for- 
mer, the copper-test, either of Trommer, or as modified by Feh- 
ling, even when the materials used are pure, cannot be relied 
on for the detection of minute quantities of glucose in mixed 
fluids, since the precise action of all the substances present is 
not known. Hence Figuier's results, obtained with Fehling's 
solution in an alcoholic extract of portal blood, were not sus- 
tained by the Academy Commission, using the fermentation 
test. Longef s statement that albuminose (the peptone of Leh- 
mann) prevents the copper reaction, is only partiaUy true; since 
when sugar and albmnmose are both present, the cupric oxyd 
is reduced, the blue solution changing to yellow, but with the 
formation of no precipitate. That albuminose hinders fermen- 
tation, is true only when the solution is so strong, that a simi- 
lar solution of sugar would do the same. No true chemist, how- 
ever, would think of testing directly a fluid containing much 
albuminose. German chemists, at least, use alcoholic extracts 
of these fluids, in which but a trace of albuminose exists. But, 
even in this, it is conceivable that there may be substances which 
will reduce the copper-test; since 1840, therefore, the sugar^ 
been precipitated from the alcoholic extract for examim 

• Ber.dK.aGM.d WiiB.inLeqiBg; J.pr. Ch.,lxTii,3n. \ ^.IL^^ 
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alcoholic potash. No BubstaDce which can interfere with the 
tests is thus thrown down, so that the copper-test may be directly 
used, or the solution, slightly acidified with tartaric acid, may 
be at once fermented. This method is one of CTeat delicacy ; 
sugar has been detected by it in urine, to which only yyily ^f 
was added ; and in many fluids where the recM^tion, as ordina- 
rily applied, was doubtful or failed entirely, such as the urine 
of artnritis and tuberculosis, sugar was readily detected by this 
process. Moreover, glucose has thus been discovered in ^- 
albumin, in mammalian ovaries, and sometimes in mixed ve- 
nous blood ; but never in the bile or the saliva. As to the 
physiological method, it is evident that it should furnish blood 
such as flows in the veins during life. This is especially neces- 
sary with portal blood, as at death there is a stasis of blood m 
the liver ; and, since the nutrient arteries of the liver poor 
their blood, not into the hepatic vein, but directly into the 
portal capillaries, there may easily be regurgitation of blood 
containing sugar. Though Figuier has avoided this source of 
error, he has fallen into another ; it needs no deep insight into 
the distribution of the blood to perceive that the 400 grains 
of portal blood which he took is far more than the normal 
content of that vein, even in a very large dog. According to 
the analysis of Bischoff' and Welker, the blood constitutes not 
more than j\ of the bodily weight of an animal ; in a dog of 
24 kilograms, there cannot be more than 2 kilograms of blood. 
To suppose that the 400 to 700 grams taken from the portal 
vein of such an animal is pure portal blood, is to make the ab- 
surd assumption that \ of all the blood is found in the portal 
system. To avoid these errors, Lehmann proceeds as follows : 
The dog is killed by a blow on the head, the portal vein tied 
through a small opening, as Bernard suggests, the abdominal 
cavity opened quickly, a noose placed 10 or 15 m.m. below the 
ligature, the blood pressed toward the mesenteric and splenic 
veins, an opening into the empty vein made with scissors, a 
glass tube bent twice at right angles inserted, the noose drawn 
tight about the tube, and the blood allowed to flow through it. 
In this way, 213 grams of blood were collected ; but this was 
too much, as analysis proved. Within four months, 32 dogs 
were operated on in this way ; after fasting for 24 hours, they 
were fed with raw horse-flesh, and killed 3, 4, 5, or 6 hours 
subsequently. In 16 of these, from whom from 35 to 81 
grams of portal blood were taken, not a trace of sugar was de- 
tected. In order to see whether any difierence would result 
from taking a larger quantity from the living animal, 351 
grams were taken from a dog weighing 13 kilos., 211 grams 
n-om one of 11'5 kilos., and 263 grams from a third weighing 
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14*5 kilos. ; and in all of these specimens, as in that of 213 
grams above mentioned, sugar was found ; thus proving foreign 
admixture in the blood examined by Figuier. Lest it be said 
that the quantity examined was insufficient, Lehmann united 
the blood of six dogs in two portions ; that of the first three 
weighed 217*5 grams ; that of the second three, 192*7 grams ; 
the result was the same. Experiments made to ascertain 
whether the portal vein contained any substance capable of 
yielding sugar, were entirely without result ; as also were those 
made to discover the presence of any material which prevented 
the reactions for sugar. 

(21.) At the conclusion of this paper, Bernard remarked that 
the glycogenic function of the liver, as at first enunciated by 
him, was now incontestibly proven. 

(22.) In a paper published by Hensen,* he confirmed Ber- 
nard's view that the liver contains an insoluble body which is 
converted into sugar by the action of a ferment, by acting on 
the substance of tne boiled liver by the salivary and pancreatic 
ferments, and thus producing sugar ; he also converted starch 
into sugar by means of the hver ferment. 

(23.) PoooiALE, in a communication to the Academy in Feb. 
I856,t contests the opinion that the presence of an alkaline 
carbonate in the blood is necessary to the destruction of sugar, 
and hence that its appearance in diabetic urine is due to a de- 
ficiency in this respect ; since he finds that the addition of 
hydro-sodic carbonate to the food of dogs produces no effect on 
the amount of sugar in the blood ; and that sugar when in- 
jected into the blood, appears equally in the urine whether 
dissolved in pure water or mixed with twice its weight of the 
carbonate. 

(24.) On the 26th of May, 1856, Chauveau published^ the 
following results : 1st, during very prolonged abstinence, sugar 
never disappears from the general circulation ; 4 horses and 4 
dogs fasting from 12 hours to 6 days, had in their venous blood 
from -066 to 080 per cent of sugar for the former, and '029 to 
•034 per cent for the latter ; in the arterial blood, from '073 to 
•093 per cent for the horses, and *035 to *053 for the dogs : 
2d, sugar is more abundant in the arteries than in the corres- 
ponding veins : 3d, arterial blood wherever taken, contains the 
same amount of glucose ; that examined was from the coccy- 
gian, femoral and carotid arteries, and from the left ventricle : 
4th, venous blood, except portal during the digestion of starchy 
or saccharine matters, nepatic, and that of the inferior vena 
cava above the diaphragm, shows no appreciable variations in 

♦ Verh. d. ph7S.-med. Gea. zu Wiirzburg, vii, 219; Jahresb., ix, 705. 
t C. B., xlU, 198. J lb., p. 1008. 
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the amount of glucose : 5thy with animalB fiutiiig or fed on 
meat, hepatic blood is more saccharine than anj other: 
6th, the quantity of sugar is the same in both sides of the 
heart : 7th, pure lympn is always saccharine, even after pro- 
longed abstinence : and 8th, this sugar is not absorbed from the 
tissues by the lymphatics, since no tissue except the liver con- 
tains it. His conclusions are as follows : Ist, herbivoroiu 
blood contains more sugar than carnivorous : 2d, the sugar in 
the right side of the heart is not destroyed in the lungs and 
hence appears in the left side : 3d, a certain quantity disap- 
pears in the capillaries, the returning blood containing less 
than the issuing : 4th, the sugar is not fixed by the sohds of 
the body ; a part filters to the lymphatics, and a part is meta- 
morphosed ; 5 th, the blood approaching the right side of the 
heart has its sugar increased by that in the chyle : 6th, sugar 
is re-supplied to the blood by the hepatic veins : 7th, the sugar 
thus furnished does not exist in the portal blood of aniioals, 
either fasting or fed with meat ; it comes from the liver, whidi 
is therefore a true producer of sugar. 

[To he oofUiwu/ed^l 



Art. XLI. — Observations of the Auroras of Sept 5th and 15th, 
18f)8, at Mt. Desert Island, Maine ^at. 44° 20' N., long. 
68° 15' W.) ; by W. 8. Oilman, Jr. 

On the evening of Sept. 5th, 1868, there was a fine aurora 
here. At 8 p. m. streamers shot up in the north and N.N.E. ; 
one large ray attained an altitude of about 50°. These 
streamers moved toward the west. At 9'> 15™ a long thin 
cloud-like arc spanned the heavens from east to west, passing 
to the north of ^ Pegasi, y Delphini, y Sagittae and a O^miuchl 
Near the meridian its breadth was about a degree, and it was 
broken into short parallel bands of light. 

At 9^ 30™ the arc of light was more to tht south, bordering 
on the Dolphin and Arrow. At lO** 30™ aurora faintly visible 
under Polaris. 

On the evening of Sept. 15th, from 7*> until 11^ 30«, there 
was a remarkably fine display of the aurora here. On the 
14th, from 9 to 10 a. m., I had noticed dusky bcNEiras in the 
N.N.E. not unlike those proceeding from a very regular night 
aurora. They did not appear further west than the north 
point, and rose above the horizon about 10°. No aurora was 
marked during the evening of the 14th. 

On the 15th, at 7 p. m., several short beams in the N.N.E. 
moving slowly westward. At ^^ 25™ an auroral arc from Algol 
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to Capella less than a de^ee broad, quite bright, and shaped 
like a whale's rib. The right end curves downward toward the 
horizon, as shown in the acccanpanying sketch. 




At T'* SS"* a second luminous arc formed about half way to 
Algol. 

At 7*» 42™ brilliant beams between Capella and Polaris. 

7*> 55™. Brightest part of arc has shifted to westward, and is 
directly under the Bear's head. Sheets of light going up from 
Polaris west. 

gh ism^ The arc is curiously shaped ; the upper edge is like 
the outline of a huge mountain. To the east the arc drops 
down toward the horizon and ends in a twisted cloud of light. 

S^ 55*°. Auroral cloud spans the heavens. Origin in east 
about 8^ above horizon, between Jupiter and aTriangulL 
Moved slowly southward. 

9h Qm, The highest jyart of arch is now at ^ Cygni. 

10*> 20'n. Streamers in sheets — Slower edge folmted like the 
plaits in a garment. 

10*» 30™. The north appears covered with great rolls of Ught 
like so many huge rolls of cloth. The sheets of light appear to 
be rolling and unrolling from E. to W. and from W. to E. To 
the west the sheets seem to disappear around the edge of a cir- 
cle, as if part of concentric cylinders of li^ht suspended above 
the pole of the earth. The folds bear a striking resemblance to 
a gauze curtain agitated by a strong wind. 

10^ 45™. The twisted beams b^an to flicker from the horizon 
upward like vast flames from a great conflagration. There 
were two or three flashes to a second. The flames passed the 
zenith and went over to the western horizon. The heavens 
now appeared all afire to the north and up to the zenith, the 
flames ascending from the entire northern norizon from the E. 
to the W. point. 

llh Qm. The flickering can be seen to within 8*^ or 10° of 
Fomalhaut in the south. 

llh lOm^ Flashings cover more than half the sky to within 
about 20° of southern horizon. 

llh 30in^ Flashing light still continues but is growing much 
less distinct. Heavy mass of clouds obscured the northern sky 
under Polaris. ^^^^ 

[The preceding notes are extracted from a ven^V'^^SiDort 
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of these auroras furnished us hj Mr. Q-ilman. If askj other ob- 
server, &vorably situated, has carefully noted the same phe- 
nomena, and will communicate his observations to us, we will 
institute a comparison of the observations, and make a report 
of the results. In order to determine the height of these auro- 
ral exhibitions, it is desirable to obtain simultaneous observa- 
tions at two pleuses situated near the same magnetic meridian, 
and at a distance from each other of about 100 miles. — ^Eds.] 



Abt. XLII. — Discoveries of new Planets. (Communicated by 

Prof. J. 0. Watson of Ann Arbor.) 

Planet (jS). — The following are my observations on the new 
planet (jS) discovered by me on Sept. 7th : 

Ann Arbor M.T. (l«)o (i£^d Comp. 

1868. Sept 7, 16»» 31™ 46» tf> 22'" 13»-18 —3° 49' 5V'S 9 

9, 14 45 42 20 63 -94 4 3 47 "0 1 

10, 9 69 69 20 20-66 — 4 9 24 -5 7 

The planet is of the 10th magnitude. 

New planet (ifi) ; (communicated Sept. 14th). — I have the 
' pleasure to send you the following observations of a new planet 
which I discovered last night : 

Ann Arbor M. T. a 6 Comp. ♦ 

1868. Sept. 13, IV" 35™ 9» 0»» 20™ 25»-61 2 a 

13, 12 35 52 20 23 '65 —V 10' 52"'6 4 h 

13,13 1 33 20 22-56 1 10 48 -0 2 c 

13,15 55 57 20 17*38 —1 11 23-7 10 c 

Daily motion, ^a = — 45* Ad = —5'. 

The planet is of the 11-5 magnitude. 

Planets (iw) and (iw); (communicated Sept. 18th). — On the 
23d of August, Dr. C. H. F. Peters of Clinton, N. Y., discov- 
ered minor planet (iw). He proposes to call it Miriatn^ and has 
communicated the following observations : 

Clinton M.T. (wi)a (jfih<5 

1868. Sept. 13, 12*^ 48™ 30« V 14™ l»-93 +12° 8' 50"-3 
14,13 17 23 1 13 40-13 12 3 57-1 

Planet 11th magnitude. 

The discoveries of minor planets (i«) and (joi) have already 
been communicated to you. I have yet to add that I discov- 
ered still another planet on the 16th inst., of which I have ob- 
served the following places : 

Ann Arbor M. T. (io5)a (JW^W 

1868. Sept 16, 16*» 3™ 15" 0*» 13™ 47»-42 +6° 12^ 4"-9 

16,16 33 22 13 46-28 6 11 45-3 

17^ 10 1^ \^ <i 13 10 -67 +6 17-2 
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Ann Arbor M. T. 

1868. Oct 10, 10»» 36« 3Y» 
11,11 19 
12, 10 26 62 



+0° 31' 42"-5 

28 31 

+0 25 31 -2 



The planet is somewhat brighter than a star of the twelfth 
magnitude. 

Discovery of Planet (JoJ), and new observations on (loo), (loi), 
(wi), (ifi), (ifi), (ig) ; (communicated Oct. 13th). — I have observed 
tbe following places of a new planet discovered by me on the 
10th inst. : 

Ih im 21«-84 
1 34 -33 
69 48-72 

The planet resembles a star of the tenth magnitude. 
The following are my latest observations of the other new 
planets : 

Hecate (loo). 

Ann Arbor M. T. a 6 

1868. Oct. 11, 8»» 31" 58» 20»» 42™ 59»-68 
12, 7 26 67 20 43 36 -02 

Helena (loT) 

Oct. 11, 10 12 65 28 5 18 '85 
12, 8 2 23 4 60 75 

Minor Planet (Jw), [Peters,'] 

Oct. 11, 11 64 10 67 22 '67 

12, 10 53 37 66 42 '78 

Minor Planet @, 

Oct. 11, 14 32 19 23 67 6 '49 
12, 9 69 13 23 66 36 *69 

Minor Planet ®. 

1 49 23 59 34 -97 — 3 22 '9 

2 15 23 69 1-46 — 3 2 62 '1 



—21^ 0' 32"-4 
—20 69 9 -6 



— 24 38 

— 24 2 



•6 

■4 



-- 8 43 46 -4 

-- 8 36 15 -7 



— 7 24 29 

— 7 27 62 



•6 

•2 



Oct. 11, 13 
12, 9 



+ 16 60 -8 
-f 6 2-3 



3finor Pla^iet (iw). 

Oct. 11, 12 29 66 23 64 46 '96 
12, 8 32 37 23 64 14 '83 

Elements of (joo) and (loi) ; (communicated Oct. 26th). — I have 
determined the elements of the orbits of two of these planets, 
and have obtained the following results : 

HecaU (JoJ). 

Epoch = 1868, Sept 10 Washin'nM. T. 

M= 10° 6'30"-4 

TT = 304 45 -6 ) Ecliptic and 

£2=128 28 37 '7 > mean equinox 
» = 6 33 34 -6 ) 18680. 

^ = 8 39 32 '6 
log a = 0*493331 
log^= 2-810010 

H = 646"-669 



Helena (joi). 

Epoch = 1B68, Sept. 13*5 Washin'n M. T. 

M= 17°48'53"-0 

TT = 328 40 61 -0 ) Ecliptic and 
Q = 343 35 *1 >• moan equinox 

i = 10 4 19 -6 ) 18080. 

^=: 8 48 -1 
loga= 0-410460 
log^=s 2 984317 

^= 869"-640 




394 Bcientifie InidUffeHoe 

SCIENTIFIC INTELLIGENCE. 

L CHEiaSTBY AND PHY8I0B. 

1. On the combustion of hydrogen and carbonic oxyd in oarifffem 
under great pressure, — ^In a commanication made to the Royal 
Society in 1861, Dr. Fbaitkland pointed out the remarkahle law 
that in combustion the diminution m illuminating power is directly 
proportional to the diminution in atmospheric pressure. The same 
writer has now renewed the subject, ana has presented the results 
of his study of the influence of an increase of pressura Dr. Frank- 
land in the first place calls attention to the fact that the theory of 
Davy, now commonly received, that the illuminating power of % 
flame depends upon tlie deposition and ignition of sohd particles in 
the flame, does not hold good for numerous cases. Tons arsenic 
bums with great brilliancy in oxvgen, forming arsenous oxyd, jret 
arsenic is volatile at 180 C. and arsenous oxyd at 218^ C, while 
the temperature of the incandescence of solias is at least 500^ C. 
A mixture of the vapor of carbonic disulphid with oxygen bums 
with an extremely brilliant light, but no presence of solid particles 
can be admitted. The result is the same when nitric oxyd is sub- 
stituted for oxygen, the flame being then very rich in the more re- 
frangible rays. The combustion ofphosphorus in oxygen furnishes 
another case in point, since phosphoric anhydrid is volatile at a red 
heat. 

Tlie author's experiments on the combustion of hydrogen and 
carbonic oxyd in oxygen were conducted in a strong iron vessel 
furnished with a thick plate of glass to permit of optical examint- 
tion of the flame. The feeble light emitted by hydrogen burning 
under the ordinary pressure is well known. An increase to two 
atmospheres produces a visible augmentation, while at a pressure 
of ten atmospheres the light of a jet one inch long is sufficient to 
enable the observer to read a newspaper at a distance of two feet 
from the flame. The spectrum of this flame is bright and continu- 
ous from red to violet. The flame of carbonic oxyd in oxygen is 
more luminous under a pressure of ten atmospheres than the hydro- 
gen flame under the same pressure. When burnt in oxygen under 
a pressure of fourteen atmospheres the spectrum of the flame is very 
brilliant and perfectly continuous. When the electric spark is 
passed through different gases the light is more intense in the cases 
of those gases which have the greater density. It is particulariy 
brilliant when passed through a tube containing liquid sulphurous 
acid. If a stream of induction sparks be passed through air con- 
densed in a glass tube by a pump, a marked increase in the light 
will be observed as the pressure of the air is increased, and the 
phenomenon occurs in a reverse order when the condensed air is 
allowed to escape. 

The electric arc from fifty Grove's cells is incomparably more 
brilliant in the vapor of mercury than in air. The author remvb 
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that these results have a very direct bearing on the views now 
held regarding the constitution of the stars and nebulae, and prom- 
ises to make the a{)plication when his complete memoir is laid be- 
fore the Royal Society. — iVoc. Royal Society^ xvi, 419. 

w. G. 

2. On the reduction and saturation of organic compounds by 
hydrogen, — Since the publication of our abstract of Bbbthelot's 
first three papers on this subject we have received another portion 
of his complete memoir, from which we extract the following as 
the most salient points : 

(1) Complex and polymeric carbids. 

1 St section — complex carbids. AUyl or allyl propylene, C , jH , o> 
heated with a solution of iodhydric acid saturated m the cold gives 
a new liquid hydrocarbon and a gas in small quantity. The forma- 
tion of these substances is represented by the equations 

C,H,(C,H,)+2H, = CeH,(C,H,) 

Allyl. Hydruret of dipropylene. 

C,H^(C,H,)+3H, = 2C,Hg 

Hydruret of propylene. 

2d section — complex carbids of the aromatic series. 

Phenyl, C,^!!,^, by taking up hydrogen under the action of an 
excess of io&ydnc acid yidds hydrid of hexylene as principal 
product : 

liVith less iodhydric acid it yields as chief product benzine : 

• Cj^Hjo+Hj = 2C,aHg, 

and as secondary products carbon, hydrid of propylene and free 
hydrogen. 

Styrolene yields hydrid of octylene as chief product : 

and less abundantly the hydrids of hexylene and ethylene : 

With a less quantity of the hydracid, styrolene yields hydrid of 
styrolene : 

and less abundantly benzol and hydrid of ethylene : 

^i6^8+2H2 = CjaHg-fC^Hg. 

Ethvl benzine, C,gHj^ or C^2^b{^i^b)i gives as chief product 
hydrid of octylene : 

this last being perhaps hydrid of ethyl-hexylene, CjjHisCC^H^). 
In smaller proportion the author obtained also the hydrids of 
hexylene and ethylene. 

3d section — complex pyrogenic carbids. 

Naphthalin, C2oHg, treated by iodhydric acid yields success- 
ively the foUowingproducts : Ist hydrid of naphthalin, Cj^jH.q ; 
2d hydrid (?) C^^Hjj, diethyl benzme, Ca^H^^, hydrid of diethyl 
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benzine, Ca^Hajt ethyl benzine and hydrid of ethylene, C^^H^^ 
"l-C^IIg, hydrid of ethyl-hexylene and hydrid of ethylene, CigHj. 
4-C^H5, benzine and hydrid of ethylene, CjjHg-f-'iC^H^, hydrid 
of hexylene and hydrid of ethylene, CjjHj.-^-^C^H^. Of these 
the normal or complete product is hydrid of decylene, CgoHjj. 

Perchlorinated naphthalin, C2oHg, yields as chief product hy- 
drid of ethylhexyleno, the reaction l^ing 

CioCl8+82HI = C,eH,3+C^He-f8HCl+16l2. 

Anthracene, CggH JO, yields as chief product hydrid of tetrft- 
decylene : 

^28^,0+10112 = CaeHgo; 

a notable quantity of hydrid of heptylene and smaller quantities of 
the hydrids of hexylene and ethylene. With an insomeient qoaih 
tity of hydracid, anthracene gives toluene, Cj^Hg, traces of ben- 
zine and hydrid of ethylene, and a small quantity of what may be 
hydrid of anthracene, Cj gll 1 2« 

Alizarine, C^gHgOg, in presence of a large excess of hydradd 
is completely changed into saturated carbids, among which are the 
hydrids of octylene and hexylene. 

Phthalic acid, C,gHgOg, yields as principal product hydrid of 
heptylene, Cj^Hjg, and a small quantity of hydrid of octylene, 
the last being the normal product : 

^le^a^s + lOHj = C,gH,g+4H202. 
Terephthalic acid, CjgHgOg, yields hydrid of heptylene: 



C,6HeOg+7H, = C^H.e+C^O^+ZHgO 



2< 



— Bull, de lii Societe Chimique de ParU^ 1868, p. 265. w. g. 

3. On the persulphid of hydrogen, — The constitution of persul- 
phid of hydrogen has hitherto remained doubtful. Dr. A. W. 
lloFMANX has taken advantage of the fact that great quantities of 
this substance are produced in certain technical processes at Dieoze 
to examine its constitution anew, and has succeeded in rendering 
it certain that there is a persulphid having the formula UaSj. 
When a cold saturated solution of strychnine in strong alcohol is 
added to an alcoholic solution of persulphid of ammonium, brilliant 
crystalline spangles soon appear, ana after 12 hours beautiibl 
orange-red needles are formed, which after washing with cold alco- 
hol are perfectly pure. They are insoluble in water, alcohol, ether 
and bisulphid of carbon ; in fact, the author has found no solvent 
from which they can be recrystallized. Analysis leads to the 
formula 

In contact with sulphuric acid the crystals are decolorized, and on 
adding water colorless transparent oily drops of persulphid of hy- 
drogen are separated, which after some time are resolved into sul- 
phur and sulphuretted hydrogen. Quinine, cinchonine, benzine and 
some other alkaloids gave no analogous compounds. — I^roc, Boyal 
Society^ xvi, p. 4^1. w. g. 
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4. On the compounds of molybdic and phosphoric adds. — De- 
brat has discovered and partly described a remarkable series of 
bodies formed by the combination of phosphoric and molybdic 
acids, and closely related in general character to the silico-tungs- 
tates of Marignac. The yellow precipitate which molybdate of 
ammonia forms in a solution of phosphoric acid, or a phosphate 
rendered acid by nitric acid, when boiled in nitro-muriatic acid, 
gives a yellow liquid which on evaporation yields beautiful doubly 
oblique prisms containing one eqmvalent (old style) of anhydrous 
phosphoric acid and 20 equivalents of anhydrous molybdic acid, 
together with about 13 '3 per cent of water. Two other hydrates 
exist, of which one, crystallizing in large regular octahedra, con- 
tains 23*4 per cent of water, whue the other, crystallizing in rhom- 
bic prisms, contains 19*6 per cent of water. The quantity of phos- 
phoric acid in these compounds amounts to only 3 '7 to 4'1 per 
cent, yet it modifies the properties of the molybdic acid in a 
very remarkable manner, thosphomolybdic acid precipitates from 
strongly acid solutions 'potash, the oxyds of caesium, ruoidium and 
thallium, ammonia and the organic alkaloids. Sodium and lithium 
give no precipitates under these circumstances ; the same is the 
case with the heavy metallic oxvds when the solutions are suffi- 
ciently acid. The yellow phosphomolybdates of potassium, thal- 
Uum and ammonium have the general formula 

3RO.POJ.20MO3. 

The potassic and ammonic salts contain 3 equivalents of water. 
A solution of phosphomolybdic acid precipitates argentic nitrate ; 
the precipitate gradually becomes crystallme and has the formula 

7AgO . PO5, 20MO3-f 24HO. 

Dilute nitric acid dissolves this salt ; from the solution crystals are 
formed having the formula 

2AgO , PO4 . 20MO3-f mo. 

The phosphomolybdates are only stable in the presence of acids ; 
alkalies transform them into ordinary molybdates and phosphomo- 
lybdates, in which the two acids are united in the ratio of 1 to 5 : 

PO5, 20MO3-f aq = PO^ . 6MO3, aq-f I5MO3. 

These phosphomolybdates are colorless or nearly so and have a 
nacreous lustre ; they are soluble in water and crystallize easily. 
An excess of acid brings them back to the condition of the yellow 
phosphomolybdates, setting free phosphoric acid : 

4(P05, SMOg+lOaq = 3{P0„ 3HO)+P05, 20MO3-f aq. 

The following are some of the most beautiful salts of this second 
class of phosphomolybdates : 

6(NH^0), 2P0„ 10MO3-f 14H0 
6K0 . 2PO5 . lOMO.-f 14H0 
6NaO . 2PO5 . IOMO3+28IIO 
6AgO . 2P0j . lOMOg-f 14H0. 

These formulas are not divisible by two^ as the salts in question 
yield by careful treatment with acids a new series of ct^v!\a2Xv£l^ 
salts, having^he general formula 
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6R0 . 2PO^, 10MO,-fAq. 

A double salt of one of the above acids with potassio nitrate has 
the formula 

6K0 . MOj+6KO . 2PO4 . 10MO,+18HO. 

In conclusion, the author gives a new method of analysia toitable 
to the above-mentioned compounds, for which, however, we refer 
to the original memoir. — Comptes Rendus^ Izvi, 702. w. o. 

6. On iodid of silicon and sUico-iodofomu — ^Fsibdel has ob- 
tained the iodid of silicon, Sil^, by passing the viq>or of iodine 
mixed with dry carbonic acid gas over silicon heated to redneu. 
After purificati9n the iodid forms colorless transparent octahedral 
crystals, ftising at 120'' -5 C, and boiling at about 290"* C. Water 
decomposes it, forming silicon and iodhydric acid. The density (tf 
its vapor was found to be 19*12, theory reauiring 18*56. Alcohd 
acts upon iodid of silicon to form silica ana iodid of ethyl accord- 
ing to the equation 

&a^4.2€,H^e = Siej,+2€,H J+2HL 

The substance obtained by Buff and Wdhler by the action of iod- 
hydric acid upon silicon was found, as in the analogoos case of the 
action of chlorhydric acid, to consist of a mixture of silico-iodofonn, 
Silllg, and iodid of silicon. The former is, when pure, a verj 
heavy colorless liquid, highly refractive, and boiling at aboat 
220° C. Its density is 3-362 at 0° C, and 8-314 at 20'' C, without 
correction for the dilatation of the glass, so that it is almost as 
heavy as the thallio alcohol of Lamy. — Comptes Hendus^ livii, 
p. 98. w. G. 

6. On the demity of the vapor of calomel. — ^The density of the 
vapor of calomel was determined by Mitscherlich, and more re- 
cently by H. Saintk-Claire Deville and Troost, who found for 
it the number 8*21, which agrees with the theoretical number 8 '51, 
which we obtain if we suppose that the formula HgCl corresponds 
to 4 vols. (Hznl representing 2 vols). Those chemists who repre- 
sent calomel by the formula Hg^Cl, suppose that at the tem|)er3- 
ture at which the vapor-density is taken the vapor is resolved iuto 
a mixture of Hg and HgCl, each of which occupies 4 vols. De- 
bray has found, however, that at the tenmerature of 440° C, at 
which the vapor-density is taken, a plate of^ gold plunged into the 
vapor preserves its color and luster, and is not amalgamated. On 
the other hand, a plate of gold plunged into the vapor of biniodid 
of mercury at a temperature near to redness becomes so brittle 
that it may be rubbed to pieces between the fingers. From thb it 
follows that calomel must be classed among substances which co^ 
respond to 8 vols, of vapor. — Comptes Rendtis^ Ixvi, p. 1389. 

w. G. 

*J. Connotations of Magnetism ; by P^lixy E abls Chase. — ^Tbe 
following summary gives the principal points of the generally a^ 
cepted theory of terrestrial magnetism, together with such modifi- 
cations as seem to be warranted by the foregoing considerations. 
Although I can hardXy nn^b^Vu^ \\i« ^mbility of essential change 
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in any particular, I submit it as a merely provisional statement, 
subject to such future amendments as may be required by the pro- 
gress of discovery. 

1. The earth is an electro-magnet, magnetized by currents which 
are excited by the sun and by the earth^s rotation. 

2. Terrestrial magnetism is subject to a variety of disturbances, 
some of which are periodical, others irregular and occasional 

8. The principal periodical disturbances vary : 1st, with the so- 
lar hour; 2d, with the season of the year ; dd, with the relative 
distance of the earth from the sun ; 4th, with the rapidity of the 
earth's orbital motion ; 5th, with the rapidity of change in solar 
declination ; 6th, with the absolute hour, m reference to magnetic 
meridians in the Pacific and Atlantic oceans ; 7th, with the lunar 
hour; 8th, with the lunar declination; 9th, with the position 
of the principal planets (sun-spot period) ; 10th, with change of 
climate (secular variation). All these disturbances (the last, per- 
haps, excepted) appear to be transmitted with the speed of gravity, 
and they may all oe grouped under two heads ; 1st, change of rela- , 
tive position ; 2d, change of relative velocity between the disturb- 
ing and the disturbed body. 

4. The principal occasional, or irregular disturbances, seem to be 
dependent upon, 1st, irregular variations in the light or heat trans- 
mitted from the sun ; 2d, similar variations in the diathermancy or 
transparency of the earth's atmosphere ; dd, local accumulations of 
heat or cold; 4th, electric and other local meteoric changes; 
5th, atmospheric or terrestrial agitation (cyclones, earthqu&es, 
volcanic eruptions, <fcc.). These disturbances are, of course, trans- 
mitted with velocities varying from that of light or of electricity 
to that of sound-waves, or even to that of still more sluggish 
vibrations. 

5. The periodical and the occasional disturbances are all modified 
by mutual interaction. The phenomena are thus complicated, and 
the difficulty of satisfactory investigation is largely increased. 

6. The sources of disturbance are, therefore, multiform ; some 
are celestial, and others terrene ; some cosmical, and others local 
in their origin. They all, however, have this common feature : 
each is capable of occasioning fluid currents. 

7. Every disturbance of terrestrial magnetism is accompanied by 
a disturbance of terrestrial gravitation. 

8. The gravitating atmospheric currents, which are originated 
simultaneously with the magnetic disturbances, become, in their 
turn, the source of secondary disturbances. 

9. However the disturbance is produced, be it primary or sec- 
ondary, periodical or occasional, there is an immediate tendency to 
equilibrium, and that tendency is in the direction of the terrestrial 
gravitation of fluids. 

10. The regular disturbances by the sun's heat and attraction, 
combined with the rotation and attraction of the earth, produce 
revolving currents analogous in form to those which circulate 
around ordinary magnets. 
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11. Similar reyolving currents must be excited about the son, 
and about every other rotating celestial body. Such bodies, there- 
fore, may become, like the earth, electro -magnets, or the seats of a 
specific magnetism. 

1 2. If the specific magnetism is to be measured by the intensity 
of the exciting disturbance, the sun may be, relatively, the weakest 
magnet in our system ; if it is to be measured by the intensity of 
the equilibrating force, it is probably proportioned to the force of 
gravitation at the surface of the magnetized orb. 

13. It seems probable that the specific cosmical magnetism, like 
that of a permanent magnet or of an ordinary electro-magnet, reacts 
inductively. But I know of no good reasons for supposing that 
such induction is other than a comparatively unimportant, sec- 
ondary and subordinate action. 

14. The lunar primary disturbances, so far as has hitherto been 
ascertained, appear to belong exclusively to the first class of peri- 
odical disturbances, those which are due to change of relative po- 
sition. It seems most likely, however, that there may also helo- 
nar periodical disturbances of the second class. 

15. The resemblance of the lunar diurnal magnetic curves to the 
normal tidal curve indicates a close correspondence between lunar 
magnetism and lunar gravitation. 

IG. Magnetism does not seem to be, strictly speaking, a simple 
or independent force, but, like the central force of an eddy, the 
resultant of revolving currents, moving with a speed which m^ 
probably, at least as great as that of light at the surface of the 
magnetized body. 

1 7. Terrestrial and cosmical magnetism can be satisfactorily a^ 
counted for by the hypothesis that all the magnetic eddies are 
produced by the action of gravity in the restoration of disturbed 
equilibrium. No known force, other than gravity, has a kDOwn 
velocity sufficient to enable it to act promptly, as an equilihrating 
force, m all the known cases of magnetic disturbance. — (Proc 
Aj/ier, Phil, Soc^ Feb. 21, 1868.) 



II. MINERALOGY AND GEOLOGY. 

1. On a new Mineral in Cryolite ; by Theo. D. Rand. — ^This 
mineral, for which I propose the name Ivigtite^ from its locality, 
was first observed in 1866, but only recently has been obtained m 
sufficient quantity for examination. 

It occurs disseminated in films and seams through massive cryo- 
lite — sometimes forming a coating between crystals of carbonate 
of iron and the cryolite in which the carbonate is imbedded. 
Color, pale yellowish-green, sometimes yellow. Structure fine 
granular, approaching micaceous. Hardness, 2 — 2*5. Sp. gr. 
2*05. B. B. alone blackens slightly and fuses rather easUv to a 
white slag. With carbonate of soda fuses readUy and with* effer 
vescence to a greenish bead. In borax dissolves readily with an iron 
reaction. In microcosmic salt dissolves readily except silica skele 
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ton; bead yellow while hot, bluish opalescent when cold. In 
closed tube yields acid water. 

With considerable difficulty 0*679 gram of the mineral, free from 
admixture, was obtained and submitted to anlysis with the follow- 
ing percentage result : 

Water, 3*42 

Fluorine, '75 

Silica, - 36-49 

Sesquioxyd of iron, 7*54 

Alumina, 24*09 

Soda, 16-03 

Loss, 11-68 

100-00 

The very small quantity of the mineral which could be procured 
prevented a more satisfactory result, but from the foregomg char- 
acteristics I feel justified in pronouncing it a new species, and hope 
that a larger quantity may be procured and a correct analysis maae. 

Pachnolite, oesides its usual occurrence in honey- combed cryolite, 
nearly or always in juxtaposition with the so-called Hagemannite, 
has hieen observed in crystals implanted on massive cryolite, and 
also coating crystals of the latter, mixed with microscopic crystals 
of cryolite. The crystals of pachnolite are always small, rarely 
exceeding the fiftieth of an inch in diameter, but tnose of cryolite 
have been found measuring over -^ths of an inch cube. The crys- 
tals of carbonate of iron, found in the cryolite, have probably never 
been excelled for beauty. They are usually simple rhombohedrons, 
often of fine poliih, and measuring from half an inch to four inches 
across. A black blende, containing much iron, has been found in 
the massive cryolite, crystallized in perfect octahedrons. — Proc. 
Acad. Sci. Philad., 1868, 142. 

2. Notes on the Later Extinct Floras of North America^ with 
Descriptions of some New Species ^Fossil Plants from the Cre- 
taceous and Tertiary Strata ; by J. S. Newberey.* — The follow- 
ing are the observations in this paper preceding the descriptions 
of species : 

It is only within the last ten years that we have obtained any 
information whatever in regard to the nature of the vegetation 
which clothed the land that represented North America during the 
Cretaceous period. Previous to that time large collections of fos- 
sils had been made from rocks of that age on the Atlantic and 
Gulf coasts, but the beds which furnished tnem were marine sedi- 
ments, and the fossils they contained were principally molluscs and 
radiates, but included also fragments of skeletons of Cretaceous 
saurians, Mosa^aurus^ HadrosaiiruSy etc., and teeth of Ptychodus^ 
a Selachian fish. In these remains there was found a generic cor- 
respondence with those of the middle and upper Cretaceous beds 

* Read April 22d, 1867. Annals of the Lyceum of Natuural History in New 
York, vol ix, April, 1868. 
Ax. JouB. Soi.— SIOOHD Sbrisb, Tol. XLVI, No. 188.— Nov.^t8iQ&. 
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of the Old World, and many species were reoognized as tbe same 
found there. In 1855, Dr. F. Y. Hayden made the second of his 
numerous journeys into the country bordering the upper MisBoari, 
which have resulted in such important contribations to our knowl- 
edge of the geology of the interior of the continent. At this time 
he was connected as Geologist and Naturalist with an ezploiing 
party sent out bythe War Department under command of Lieut 
(now Gen.) G. K. Warren, Corps of Topographical Engineoa, 
U.S. A. 

In the great mass of interesting materials brought by Dr. Hay- 
den were a number of angiospermous leaves, obtained from a red 
sandstone lying at the base oi the Cretaceous formation at Black- 
bird Hill, in Is ebraska. Outline sketches of some of theiie lea?es 
were sent to the distinguished fossil Botanist, Pro£ Oswald Heer, 
of Zurich, Switzerland. By him they were pronounced of Miocene 
age, and referred to the genera iKzuruSy PopultiSy ZAriodendro^ 
etc.; a narrow lanceolate leaf being considered identical with 
Laurus priniigenia Un^. ;^a broad rounded one with Pojpulm 
Leuce Xing., both found m the Miocene of Europe. At the same 
time the fossils themselves were submitted to me for examinatioD, 
and regarding the so-called Populus Leuce as ffenerically identical 
with some large rounded leaves described by ^nker from tiie Cre- 
taceous sandstone of Blankenburg, Germany, I considered tlus 
florula as of Cretaceous age-— confirming the conclusions of Messrs. 
Meek and Ilayden, who on other evidence had referred the depost 
from which they came to that period. The plant called Launa 
priniigenia by Prof. Heer I considered a BcUix^ and the other 
leaves as representing the genera PlatanuSj Popvlus^ Fagus^ 
Ijiriode?idro7i, Sassafras^ Magnolia, etc. Unfortunately, Trot 
Heer had onl v sketches, and those of but part of these leaves ; and 
while I had the specimens all before me, I had no specimens of the 
Cretaceous flora of Europe, but only figures and descriptions of the 
comparatively few leaves up to that time found in this formation 
by Zenker, Dr. Debey, Steihler and others. It was, therefore, quite 
impossible that we could then make an intelligent comparison of 
the two floras. The genera recognized among these plants by 
Prof. Heer and myself were, for the most part, living in our for- 
ests, and largely represented in the Miocene strata of £urope. It 
is not surprising, therefore, that Pro£ Heer should have considered 
them of Tertiary age, and that this opinion should be shared by 
many others. 

Soon after the discovery of these plants by Dr. Hayden, he went 
again to Nebraska and Kansas, accompamed by Mr. Meek, and 
collected from various exposures of lower Cretaceous sandstone 
numerous additional specimens of the same and different species. 
Subsequently, I went myself to the region where these were col- 
lected, and spent some years in the study of the geology of the in- 
terior of the continent, exploring a large area occupied by Cretace- 
ous rocks in Kansas, Colorado, Arizona, New Mexico and Utah. 
During these explorations I obtained from the Cretaceous strata, 
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at a great number of localities, angiospermous leaves, consisting 
of some of the species obtained by Dr. Hayden, with many others, 
all of which are described in the report of the San Juan expedition 
not yet published. In numerous instances, as Dr. Hajden had 
done, I obtained these leaves from the sandstones overlaid by cal- 
careous beds containing Oryphcea Pitcheriy Inoceramus problem- 
aticus^ and many other unmistakable Cretaceous fossils. These 
leaves I found to be characteristic of the strata in which they were 
first discovered, and was able to obtain them at nearly every expo- 
sure which I examined. In the end, I had before me, collected oy 
Dr. Hayden and myself, at least fifty distinct species of leaves of 
this character from this horizon, with fragments, scarcely sufficient 
for description, of perhaps as many more. 

Though Mr. Meek, Dr. Hayden and myself had thus demon- 
strated the true position first taken by us in regard to the age of 
the beds which furnish these leaves, the flora they represented was 
so modem in its character that the European paleontologists were 
still unwilling to admit the possibility of its being older than Ter- 
tiary ; and it was only when, in 1 863, M. Marcou and Prof. Capel- 
lini made a special journey to Nebraska, and collected fossils from 
the same localities that had yielded them to Meek and Hayden, 
that the fact was admitted that this flora was really of Cretaceous 
age. 

The plants collected by Messrs. Marcou and Capellini embraced 
sixteen species, which have been described by Prof. Heer in the 
**Memoires de la Society Helvetique des Sciences Naturelles, 
1866," viz: ^^ Populus litigiosa^ P. Deheyana^ Salix nervUlosa^ 
JBetuUtes denticulatay Ficiia primordialiSy Platanus {?) Neicberry- 
anu^ Proteoidea grevillice/ormiSy P, aciita^ P, daphnogenoides^ 
Aristolochitea dentata^ Andromeda Parlatorii^ Diospyros pri- 
mceva^ Cissites insigniSy Magnolia alternans, M. CapeUinii and 
Jjiriodendron Meekii, 

It is an interesting fact that of these sixteen species but three 
are identical with those obtained before from the same quarries, or 
those collected by myself elsewhere at the same geological hori- 
zon — an illustration of the richness of the flora which they repre- 
sent. My own observations prove this richness still more clearly, 
for, as I have said, in the outcrops of the lower Cretaceous rocks 
of the West I have detected at least a hundred species of conifers 
and angiospermous trees. Of these it rarely happened, that in the 
chance exposure of a cliff or water-washed surface, anything like 
a perfect specimen could be detached and brought away. As a 
consequence we have, in the figures and descriptions now published 
or prepared, but a very imperfect view of the flora of the Cretace- 
ous period on this continent, even as it has been exhibited to my 
eyes; and there is every reason to believe that but a small propor- 
tion of its elements have as yet been observed at all. 

On the western margin of the continent it is well known that 
the Cretaceous strata are quite largely developed, having been 
recognized in Sonora, California, Oregon, Washington Territory 
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and Yanconyer's Island. From the latter locality quite a niunlNi 
of fossil plants have heen collected, which have l>een described bf 
Prof Heer, Mr. Lesquereux or myself. The first knowledge wlua 
we obtained of the Cretaceous beds of Vanooaver'a Ifiland was d» 
rived from the descriptions by Mr. Meek ^Transactions of the Air 
bany Institute, voL iv, p. 87) of some fossil moUascs collected bj 
Dr. Turner. Subsequently, in 1858, the collections made by the 
United States Northwest boundary Commission were placed in my 
hands for examination. These included fossil plants m>m the ooil 
beds of Nanaimo, Vancouver's Island, which were associated witk 
InoceratnuSy Pholadoniyay etc., before described by Mr. Meek, and 
which plainly indicated their Cretaceous age. These plants woe 
described by the writer in 1863 (Boston Journal of Natural 13St 
tory, vol. vii. No. 4). Previous to that time the fosdlplants od- 
lected by Dr. £van8, United States Geologist for the l^rritoiy of 
Oregon, were committed to Mr. L. Lesquereux, the weU-knowB 
Botanist, who published descriptions of them in the Amerieai 
Journal of Science. Of these tne following were firom Nanaimo^ 
viz: 

Populus rhomboidea Lesqx., Querctts Benzoin Lesqx., Quercm 
mxdtinervis Lesqx., Qvercus platinervis Lesqx., ScUix Jslandiem 
Lesqx., Cinnamomum Heerii Lesqx., Ileus sp, Lesqx., with whick 
are enumerated, but not described in full, " a Platantis with tb 
same nervation as Qitercus platinervis^^* a Chatnoerops ^^reeing 
with ISidKtl Lamanofiis Bergh., common in the European Ikuocene, 
a very fine Salisburia^ very variable in the outline of its leaves, 
and named Salishuria polymorpha^ also a small piece of a fern re- 
ferable to the genus Lastrea, and a Sequoia probably identicil 
with aS. 8€tnjH?rviren8. 

The Bellingham Bay plants described by Mr. Lesquereux con- 
sisted of species of ^milax^ Quercus^ Planera^ CinnamomvM, 
Persooniay JHospyros and Acer, By Mr. Lesquereux the plint- 
bearing strata of Bellingham Bay and Vancouver's Island were 
rep^nrded as of the same age, and from the resemblance of the 
species they contain to those found in the Miocene of Europe, be 
pronounced them to be of that date (op. cit., vol. xxvii, p. 362). 
tu a subsequent number of the American Journal of Science (vcA 
xxviii, p. 85^ is published a letter from Prof. Heer upon these planU, 
of which sKctches had been sent him by Mr. Lesquereux. In 
these notes the extinct flora of Vancouver's Island and Bellinghsn 
Bay are considered of the same age, and brought still nearer the 
Miocene of Europe ; quite a number of species being regarded u 
identical with those found at Oeningen, etc. 

Since that time a collection of fossil plants made by Dr. C. R 
Wood at Nanaimo, V. L, and at Buzzard's Inlet, British Columbia 
was sent by Dr. Hooker to Prof. Heer for examination. From thi 
coal mine at Nanaimo but a sinele species of this collection vas 
obtained — a conifer, considered by Prof Heer as identical witl 
Seqiwia Langsdoriii Br. sp., a species common in the Miocene of I 
Europe. From these facts it will be seen that the modem aspect 
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of the fossil flora of Yancouyer's Island has prodnced the same 
misapprehensions as the Cretaceous flora of Neoraska. This, how- 
ever, IS not to he wondered at, and conveys no reproach to the emi- 
nent scientific men who have been misled by it. The identification 
of species by few and fragmentary specimens, or still worse by 
sketches, is a difficult and hazardous task for anv one to perform ; 
and in regard to the generic relations of the plants described, it 
can only be said, that previous to the discovery of such modem 
genera as Liriodendron^ Magnolia^ Sassafras^ etc., in the Creta- 
ceous rocks, they were naturallv regarded as belonging to the 
present or Tertiary flora. It is also true that the flora of the Cre- 
taceous period in the Old World has until recently been considered, 
from the number of Cycads it includes, as a continuation of the 
Jurassic flora ; and it contains East Indian forms, none of which 
have as yet been discovered on this continent. There is no more 
doubt, however, that the plant-bearing strata of Vancouver's Island 
are Cretaceous than in regard to those of Nebraska. A verj large 
number of Cretaceous molluscs have been collected, both in the 
overlying beds and those containing the plants, as was stated by 
the writer in 1863, in the report on the fossils collected by the 
Boundary Commission. 

As regards the strata containing the plants and coal of Belling- 
ham Bav, further observations and collections must be made there 
before the q^uestion can be said to be definitely settled. Mr. Gabb, 
paleontologist to the California geological survey, who has re- 
cently visited Bellingham Bay, has been led bv the molluscous 
fossils obtained there to consider all the coal-beanng series of that 
district as Cretaceous. If this be so, there has been some error in 
the labeling of specimens which have come into my hands profes- 
sedly from " Bellingham Bay.*' Some of them are unquestionably 
Miocene, for they include Glyptostrobus EuropcBua^ Taxodium 
occidentcUe^ and other plants found in the Miocene strata of Daco- 
tah and Montana. The truth probably is that both formations are 
represented at or near Bellingnam Bay. The coal of Goose Bay 
and the fossiliferous strata at Astoria are known to be Miocene, as 
are also the plant-bearing beds at Birch Bay and Buzzard's Inlet, 
and I have lately received a beautiful collection of Miocene plants 
fit>m a locality not far distant in the interior. 

From Orcas Island, which occupies an intermediate position be- 
tween Bellingham Bay and Vancouver's Island, a collection of 
plants was made by Mr. George Gibbs of the Boundary Commis- 
sion,' in which the species are, with perhaps one exception, different 
from those obtained from the otner two localities mentioned. 
These include ferns, palms and broad-leaved plants described in the 
report to which I have alluded, where they are referred to the 
Cretaceous period. 

Combining the contributions thus made to our knowledge of the 
Cretaceous flora, and referring to this formation all that we now 
know to belong there, we have the following list of generasod 
species : wKr^^ 
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N. A. Cretaceous PlanU now or hiikerto dtecnbed. 
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PopnluB rhomboidea Laqx, Nanaimo. 
SaUx lalandica Lesqx., 
Quorcus Benzoin lisqx , 
Quercus multinervia Lesqx.^ 
Quercus platinervis Lesqx., 
Ginnamomam Heerii Lesqx.j 
Salisburia pol3rmorpha Lesqx^ 
Aspidium KennerlU Newb., 
Sabal sp., Newh.^ 
Taxodium cnneatum Ntwh.^ 
Picus (?) cuneatuB Newb., Orcaa Is. 
Tsniopteris Gibbsii Newb.^ *' 
Sphenopteris (Asplenium) elongata 

Hewb.j Orcas Is. 
Populus Debeyana ffeer^ Nebraska. 
P. litigiosa neer^ 
Salix nemllosa Heer, 
Platanus Newberryana Heer^ 
Andromeda Parlatorii ITeer, 
Diospjros primseva Heer^ 
Phyllites Vannon© Ileer, 
Aristolochites dentata Heer^ 
Oissites insignis Heer^ 
Ficus primordialis Heer^ 
Magnolia altemans Heer, 
M. Capellinii Bter^ 
Liriodendron Meekii Heer^ 
Betulites denticulata Heer, 
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ProteoideB d^hnogenoides Beer, Kelv. 
P. acuta Heer, Kebraaka. 

P. grevilliaeformia ffeer, " 

Leguminoaites Maroonanua Seer^ Kebr. 
Sapotadtes Hajdenii ffeer^ Nebraska. 
Populus cydophylla Seer, ^' 

Pbyllitea obcordatua Seer, " 
Sassafras cretaoeum Kewh., ^ 
Liriodendron primseTum Aietrd., " 
Araucaria spatulata Newh^ 
Quercus salidfolia Newb^ 
Magnolia rotondifolia Newb., 
Platanus latiloba Newb^ 
Fagus cretacea Newb.^ 
Sphenopteris comigata Kewb^ " 
I^rus (?) crotacea jYewb., 
PopuluB elliptica Newb^ 
P. microphylla Newb., 
P. oordifolia Newb.^ 
Acerites pristinus A>io&., 
Alnites grandifolia Niewb., 
Salix flexuo!^ Newb,, 
S. cuneata Newb.^ 
S. membranacea 37etoi., 
Quercus antiqua Neu^^ 8. Utah. 
Quercus slnuata Newb., " 
Cupressites Gookii Aetr6., New Jersey. 
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From this list it will be seen that the Cretaceous strata of tLe 
west coast include some forms not yet discovered in the Kansas 
and Nebraska beds. Among these, ScUishuria^ Sahal^ Cinnamo- 
mum, etc., are indicative of a warmer climate. Possibly these 
genera may hercailer be detected in the plant-beds of Kansas, 
Nebraska and New Mexico, but as yet we have no intimation of 
their existence, and there is nothing now known in the Cretaceous 
flora of that region which gives it a tropical or even sub-tropical 
character. 

It will be remembered that this vegetation grew upon a broad 
continental surface, of which the central portion was considerably 
elevated. This would give us physical conditions not unlike those 
of the continent at the present aay ; and it would seem to be inevi- 
table that the isothermal lines should be curi^ed over the surface 
somewhat as at present It may ver^-^ well happen, therefore, that 
we shall find the palms and cinnamons restricted to the western 
margin of the Cretaceous continent. It will be seen by the notes 
now given of the Tertiary flora of our continent, that, at a later 
date, palms grew in the same region where these Cretaceous plants 
are found ; but cinnamons and other tropical plants seem to be en- 
tirely wanting in the Tertiary flora of the central part of the con- 
tinent, while on the west co^st both palms and cinnamons lived 
during the Tertiary period as far nortn as the British line. We 
have therefore negative evidence from the facts, though it may be 
reversed at an eany day by further observations, that the climate 
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3f the interior of our continent during the Tertiary age was some- 
(V'hat warmer than at the beginning of the Cretaceous period, and 
that during both, the same relative differences of climate prevailed 
between the central and western portions that exist at the present 
iay. 

3. On Human remains along with those of the Mastodon in the 
Jrift of California ; by Dr. C. F. Winslow. — Dr. Winslow, in a 
letter dated Baden Baden, Sept. 24, 1868, has called our attention 
to the following paragraphs in the Proceedings of the Boston So- 
ciety of Natural History ibr 1867, p. 278, taken from a letter of his 
presented to the Society at the meeting of October 7, 1857 (11 
years since), along with a fragment of the human cranium referred 
to. Dr. Winslow writes : " I sent by a friend, who was going to 
Boston this morning, a precious relic of the human race of earlier 
times, found recently in California, 180 feet below the surface of 
Table Mountain. As it is the first organic sign of human existence 
preceding or coeval with a drift age, or a general or minor ' deluge,' 
that has been found in the earth, I have thought it would be inter- 
esting for the scientific gentlemen of Boston to discuss the subject, 
Emd for a portion of the fragment sent to me to be preserved in the 
cabinet of y our Society of N atural History. My friend Col. Hubbs, 
whose gold-claims in the mountains seem to have given him much 
knowledge of this singular locality, writes that the fragment was 
brought up in *pay dirt' (the mmers' name for the placer gold 
irift) of the Columbia claim, and that the various strata passed 
through in sinking the shaft consist of volcanic formations entirely. 
Whether his knowledge is accurate touching the volcanic forma- 
tions I have some doubt, and have written for more certain informa- 
tion. 

" The mastodon's bones being found in the same deposits, points 
very clearly to the probability of the appearance of the human 
race, on the western portions of North America at least, before the 
3Xtinction of ihose huge creatures. As I have fragments of Masto- 
ion and Elephas primigenins^ or a kindred species, taken between 
ten and twenty feet below the surface, among the upper placer gold 
ieposits of the same vicinity, it would seem that man was probably 
3ontemporary, for a certain period, with the closing dynasties of 
these two formidable races of quadrupeds. This discovery of human 
jtnd mastodon remains in the same locality gives also great strength 
to the possible truth of the old Indian tradition of the contempo- 
rary existence ot the mammoth and aboriginals of this region of the 
^lobe." 

Dr. Winslow states in his letter from Baden Baden that this 
discovery was made in 1 856. He adds also : " I have a fragment 
of a gigantic bone which Leidy examined and wrote me that it 
belonged to an extinct Sloth. It came from beneath the most 
populous part of the city, 30 feet, perhaps, below the surface. 
Another smaller, from another locality outside the city west, which 
be also pronounced as a Sloth, extinct and undescribed. I took 
fragments of trees and serpentine stones bored by Lithodomiy lying 
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pell-mell together from 60 to 90 feet below the Barface in a tmmel 
not far from the western shore of the peninsula." 

4. Meek on the shell structure of some Spiriferam — ^Mr. Meek^s 
paper on this subject, referred to on p. 262, was read before the 
Academy of Natural Sciences of Philadelphia in December, 1865, 
and published in the Proceedings of the Academy, February, 1866. 

m. BOTANY AND ZOOLOGT. 

1 . Botanical Notices. — ^Two new parts (containing three fiisdcnli) 
of the JFTora Brasilietisis of von Martins have been issued during 
the past sumn^r. The most considerable is fasc 44, containing 
the Zoranthacece, the work of the indefatigable Eichler, 134 pages 
of letter press and 44 plates, all the analyses by Eichler himselfl 
The Brazilian LorantJiece are all referred to PsittacanthuM of Mar- 
tins, a genus of undoubted character, and four others, two of them 
long ago proposed by Martius, which are conceded to be less dis- 
tinct from Loranthus, The Viscem of Brazil comprise 83 species of 
JPhoradendron, an Ixidium^ this being a genus founded by Eicfakr 
on one Brazilian species and the Ciu)an EremoUpis l^rightii^ 
Grisebach , and an Eubrachion. In a note we have a synopsis of 
Eichler's West Indian genus Detidrophthora (Arcenthobia of Grise- 
bach) 6 species. Fasc. 45 contains the Loganiacem by Dr. Progel, 
a new collaborator^ seven genera, of which only Spigdia and 
Strychnos fixe rich m species; 16 plates; also the OleaceoE and 
Jasmineos by Eichler, with three plates. The Chiojiantheee are 
still said to have '^ semina exalbuminosa," which, as we have long 
ago indicated, is not the case in the original Chianxinthus, b 
fasc. 46, Dr. Seubert describes the Styracaceiv^ two species of Pati^ 
philia and 22 of Sty rax, illustrated by five plates. 

DeCandoUe^s ProdromuSy vol. xvi, section 2, fasc 2, issued in 
June last (600 pages), contains the Betulacem by Kegel ; the ^a/^• 
ciuecB by Anderson, except the Poplars which are by Wesmael; the 
Casuarinem by Miquel ; the Gnetacece and the ConifenjB by Far- 
latore; and the Cycadaeece by A. DeCandolle himself; toVhich 
are added the Be8edace(je, by T. Miller ; and the Lacistemece, Gun- 
nerecPy Ancistrocladea^, IXpterocarpeof, JjOjjhiraceaPy Manimiacea, 
Hehciyigiacece, &c., by the editor. This important volume, espe- 
cially as to the Coniferce, opens a wide range for commentary, upon 
which we may not here enter. 

No. 2 of the 12th volume of the 7th series of the Memoirs of the 
Imperial Academy of Sciences of St. Petersburgh (1868) is occupied 
by Fr. Schmidt's Riesen in Amur-lande tend aufdcr Inscl Swha- 
lin, the botanical part, with two maps and eight plates. The plants 
collected in Amur-land and on the way to Sachalin (nearly 500 
species) are first enumerated ; and this is followed by thestill'more 
interesting Flora SachaUnensis. Noting the points most remark- 
able as respects the relations of this flora with that of the Uniteii 
States, we observe that the Japan Trautvetteria is kept distinct 
from the North American \ JJiphyUeia Grayi from JD. cymosa; 



Botany and Zooloffy. 409 

Catdophyllum robustum from C. thalictr aides; Vttis TTiunbergii 
from V. Zabnesca (for which a good diagnosis, not yet published, 
has recently been made out by I^ro£ Braun) ; Pynis sumbucifolia 
is said to have larger fruit than P. Aucupariay which also occurs 
in the islands ; Phellopterus littoralis is adopted in place of Gkhnia 
UUoralis for the plant called Cymopterus ? littarcdis; a new Stenanr 
thium is described and figured, &c. Ehrharta caudata of Monro, 
rediscovered in Sachalin, becomes the type of a new genus Bryl- 
kinia, a. o. 

2. Contrib^Jttions to the Fauna of the Gulf Stream at great 
depths ; by L. F. db Poubtaleb, Assist. U. S. Coast Survey, 
(from the Bulletin of the Mus. Comp. Zool., Cambridge). — ^The au- 
thor introduces his paper, describing the species observed by him, 
with the following remarks. 

The study of the constitution and of the inhabitants of the bot- 
tom of the sea is a field of research which has attracted the atten- 
tion of naturalists in comparatively recent times. What Hum- 
boldt did with regard to the distribution of life at different heights 
in the atmosphere, was done by Edward Forbes for the different 
depths of the ocean. The former's diagrams of the zones of veg- 
etation on the slopes of the Andes are considered indispensable m 
every atlas of physical geography. But what one man could do 
where his glance embraced miles of country in height and breadth 
and where the type of vegetation could frequently be recognized 
as far as the eve could reach, an investigator even as zealous as 
Forbes could out sketch in broad though happily drawn lines for 
the marine animals. 

Much has been done in this direction since Forbes's death, par- 
ticularly in England, where dredging has become a favorite occu- 
pation of many naturalists ; the Scandinavian seas have also been 
explored with much success, chiefly by the Norwegian naturalists ; 
but much more remains to be done in a field in which the areas to 
be explored can, as Jeffreys remarks, be reckoned in square de- 
grees, whilst the research extends only over several square yards. 

It is particularly in the greater depths, in the so-called abyssal 
region, that our knowledge is deficient. This is easily understood, 
since on many coasts the sea is comparativelv shoal tor a conside- 
rable distance from land, and the outfit for deep sea dredging is 
beyond the means of but few private individuals. Government 
expeditions are generally fitted out for other duties, and can rarely 
devote their time to operations occasioning a delay of many hours. 
Furthermore, owing to the scantiness of the material, the im- 
pression generally prevailed, until recently, that animal life was 
aoon reduced to a minimum with an increase of depth, or at least 
reduced to the lowest forms, so that the incentive of a rich har- 
vest seemed denied to those who would have undertaken such re- 
searches. 

Excepting the investigations of Dr. Stimpson on the coast of 
New England, the dredge has been as ^et very little used along 
our shores. The character and constituents of the bottom are 
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however pretty well known, thanks to the care of the kte 8uDe^ 
intendent of tne Coast Survey, Professor A. D. Bache, who, anr- 
ing his whole administration of that work, reqaired the hydro- 
graphical parties to preserve the specimens broaght np hy the 
lesA. From eight to nine thousand specimens have thus been ac- 
cumulated at the coast survey office, m>m a rej^on comprised be- 
tween the shore and the outer edge of the Gnlf Stream, and rack- 
ing nearly to 1500 fathoms. But, of course, aside from the Fonun- 
imfera and DiatomacesB, for the study of which this materijl 
has proved of high interest, not mucn was contributed to our 
kno^edge of the animals of the higher classes, the instrament 
used being only adapted to procure a small quantity of sand or 
mud. 

The present Superintendent of the Coast Survey, Professor R 
Peirce, has lately directed the resumption of the investigations of 
the Gulf Stream, so successfully inaugurated by his predecessor, 
but interrupted for several years by the war. Besides observa- 
tions of the depth, velocity, and direction of that current, and the 
temperature and density of the water at different depths, the re- 
searches will be extended to the Fauna of the bottom, of the aa- 
face, and of the intervening depths. Not only will an insidit 
be thus obtained into a world scarcely known heretofore, bat that 
knowledge will have a direct bearing on many of the phenomena 
of that great current. Thus a new light may be thrown on its 
powers of transportation from shallow to deeper wat^r, or along 
Its bed, on its action in forming deposits in particular localities, 
or ou its possible influence on the growth of coral reefs on its 
shores. 

The first campaiprn on this plan was organized in 1867, the field 
of research being in a section between Key West and Havana, 
incidentally with the purpose of sounding out the line for the tele- 
graph cable, sliortly afterwards laid between these two points. 
The Coast Survey steamer Corwin was assigned to the work ; and 
here I wish to express my tlianks to my colleague, Assistant H. 
Mitchell, charged with the physical part of the campaign, and to 
Captain Piatt and his officers for the interest they showed in my 
work, and for their valuable practical aid. 

The expedition was unfortunately internipted by the breaking 
out of yellow fever on board, so that the dredgings were few in 
number. However, short as the season's work was, and few as 
were the casts of the dredge, the highly interesting fact was dis- 
closed, that animal life exists at great depths^ in as great diversity 
and as great an abundance as in shallow neater. 

The identifications of the species has been made by me at the 
Museum of Comparative Zoology at Cambridge, in the rich col- 
lections of which I have found abundant material for comparison ; 
facilities of every sort were afforded me by Professor Agassiz, for 
which I wish to express my heartfelt thanks, as also for this op- 
portunity of prompt publication. 

The first dredgings were made on May lYth, on the Florida side 
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of the Golf Stream, about 5 miles S.S.W. of Sand Key, in depths 
varying from 90 to 100 fathoms, on a bottom of calcareous mud. 
The foUowing list comprises the animals obtained : — 

Articulates. — ^A nmnber of small Crustacea were brought up, 
which have not yet been determined. They belong to the follow- 
ing or allied genera ; Dromiay UiUj Mithrax ? (a mutilated spe- 
cimen), Pagurua^ Euphauaia^ and Orchestia. 

The tubes of several species of Annelids were obtained, but 
the animals were in most cases too defective for identification. 
The largest and best preserved is Morphyaa floridana^ nov. sp. 
(see description). There are also tubes of one or more species of 
Serpula, 

The Gephyreans are represented by Sipunculus coraUicola^ 
Pourt. (Proc. Am. Assoc, 1851.) 

Molluscs not determined specifically. These are mostly imma- 
ture specimens or fragments of dead shells, and belong to the fol- 
lowing genera : Murex (dead), Turbo f (operculum), Leda (living), 
Astarte (living), Tellina (dead). Of Pteropods dead shells of the 
following species : HycUea tridentata^ Ilyalea trispinosa, Cuvie- 
ria colutneUay Cleodora lanceolata. The shells of this order are 
very common in deep-sea soundings. The Bryozoa are repre- 
sented by Vincularia margarltaceaj nov. sp, (see description). 

Jiadiata, — Of Echinoderms were obtained an Ophiuriaii (an 
arm, undetermined) and a number of specimens of (Jomatula MOr 
genii, nov. sp. (see description). 

A Zoanthus^ rather small, was obtained also, but not having 
been noticed when alive, it would be somewhat uncertain to de- 
termine. 

Hydroids : Antenntdaria triseriatay nov. sp. ; Thoa pulcheUa^ 
nov. sp. ; Th, capiUaris^ nov. sp. (see descriptions). 

The Foraminifera had nearly all been wasned out of the dredge ; 
only the following were noticed: Textilaria conica D'O. (very large) ; 
Operculina {SpiriUina)i?icerta D'O.; liotcUina cultrata DO.; 
and Globigerina rubra D'O. 

The total for this locality is therefore twenty-nine species, to 
which a few ought to be added for the undeteimmed fragments of 
Annelids. 

No dredgings were had in mid-channel ; this part has been re- 
served for the return trip, but the unfortunate interruption of the 
cruise prevented the execution of the project, at least for this season. 

The next casts were obtained off Havana in 270 fathoms on May 
24th and 29th, on both days as nearly as possible on the same spot, 
as the little that was obtained at the first date had given much 
promise. 

The results of the two casts are combined below : — 

Articulates. — The Crustacea are not determined, but are of or 
near the following genera : StenoptM, Axia, CaUianassa^ Orcliestia^ 
and Idoteay all livmg. Annelids : Marphysa tibiana, n. sp., and 
Jtf. a?itipathtim, n. sp. (see description). Tubes and fragments of 
four or five other species. 
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Of the Molluscs the Gasteropods and Acephala have not yel 
been determined, with one exception. 

The following genera are represented: Mitraf^ FusuSy Twho^ 
Emarginrdina^ VerUaHum^ NuctUa^ and Spondylus^ all detd; 
Pedicularia decussata^ Gould (see remarks), and a very smiU 
Anotnia^ both living. The Pteropods and lleteropods were all 
dead; they are: Hyalea tri^inosa^ affinis D'Orb^ gibbosa Rsnft 
and uncinata Rang ; Creseis spinifera Rang ; Cleodora pyrami- 
data P6r. and Les.; Spirialis rostrata Eyd. and SouL ; and A^ 
lanta Peronii Les. Of Brachiopods we obtained TerebratHla Gt 
bensiSy n. sp., and Terebratulhia Cailleti Crosse ; both livii^ and 
apparently abundant. The Bryozoa are: Phrcinila cereus^ n.Bm 
Vtficidaria margaritacea^ n. sp. ; Cellepora reticulata^ u, sp.; 
C siglUaJta^ n. sp. ; Cauda retiformis^ n. sp. ; Canda cormg«f% 
XL sp., Idnionea flexuosa^ n. sp. (see descriptions). 

Radiata, — ^Echinoderms are represented by the following ipe- 
cies ; Spatangus (dead, fragments) ^ Pthularla (dead) ; CidarU att 
ntdosa Gray (probably, young, living); TVipneustes veniricom 
(living, very young) ; Ast^rias, sp, (very young, living) ; Ophinri- 
anSj at least three species immature and difficult to determine; 
CoinatiUa brevipinna n. sp., living ; PentacrinuSj sp. (fingmoli 
of stem, amon^ which some appear quite fresh). 

Of Zoanthana the following were brought up : Antipathss kt 
mills, n. sp. ; Antipathes fiTix^ n. sp. ; Acanthogorgia a»jM 
n, sp. ; Gorgonia e-x^erta Ellis ; Swiftia exserta Duch. and MA; 
Hyalonema (spicules) ; Caryophyllia formosa^ n. sp. ; Ddt(K^ 
thus Agassiziiy n. sp. ; Stylaster complanatus, n. sp. ; JSrritia ^ 
bra, n. sp. ; Errina cochleata, n. sp. ; Crypthelia Peircei^ n. ^; 
Distichopora sukata, n. sp. ; Jleliopora ? tubiUatay n. sp. : -fl»* 
pora f carinata^ n. sp. ; Isis f (base of-stem) ; Sarcodyction rug^ 
sum, n. sp. 

Ilydroids : Thoa pidcheUa, n. sp. ; Tubularia crinis, tl • 
Forarainifera : Lagena striata Mont., rare ; Nbdosaria />yn» 
D'O., rare ; Dentalina comynunis D'O., rare ; D. (agglutinaiu!)} 
Lingxdina carinata D'O; TextuUtria trochus D'G., common, var 
large also abundant in shoalcr water; T, aggluti?iana D'O., rat; 
N'onionlna scapha, rare ; Nonionina tanbilicattUa Montg., nw 
Cristellarla crepldula F. and M., rather common; Onicvlit^ 
adimca D'O., rare and only in a worn state, its proper habitat t 
in the littoral zone; Amphisteghia gibbosa D'O., rare and odjj 
young specimens ; it is very common throughout the Gulf of M* 
ICO in deep water; Globigerina rubra D'O., very abundant, akoB 
the Orbulina form ; GL Dutertrei D'O., common ; Pullenia d^l 
quilocidata P. and J., rather common ; Pullenia co«rc6r/<i, n. W 
rather common ; Sphoiroidina dehiscens P. and J., not comBdjI 
Potalina eultrata D'O., very common ; Rot. truncatuHnoidtMV^\ 
common ; Mot Poeyi D'O., rather common ; Potalina two m 
species in single and imperfect specimens ; Biloculina^ sp.; N 
loculina Prongniartiaiia D'O., rare ; Quimnieloculina bitom 
D'O., rare. 

Many of the specmi<ena oi YoTW£L\!KiSst%.^T^^iig<iii^ witk*? 
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low mass, like the first stage of transformation into greensand, 
but the process seems to stop here. 

Of sponges quite a number were obtained, at least a dozen spe- 
cies, wnich have not yet been determined. Some of the detached 
spicules are remarkable for their size ; one, for instance, of the 
slender rectangulated sexradiate type of Bowerbank measuring 
more than half an inch. 

The vegetable kingdom was represented in this dredging by a 
single specimen of a minute alga, Centroceras clavulatum Agardh., 
which Harvey says was found abundantly at low water mark at 
Key West. In its branchlets was entangled a chain of a species 
of Biddulphia, Other Diatoms are rather scarce and have not 
yet been determined. We therefore find here, also, a confirmation 
of the remark made in European seas, that vegetable life does not 
extend to depths as great as are reached by animals, and that, 
therefore, the greater number of deep-sea ammals must be carni- 
vorous. 

The dredge contained also a number of nodules of a very po- 
rous limestone, similar in color and texture to the limestone form- 
ing the range of low hills along the shore of Cuba, but composed 
M>parently of the remains of the same animals which were found 
Imng. Thus our Deltocyathus, Caryophyllia, the various Ptero- 
pods were recognized in the stone, and found also in various stages 
odTfossilization. The interstices between the larger forms are gen- 
erally filled up with Foraminifera. 

On May 25th the dredge was sent down in 350 fathoms, outside 
irf the locality occupied on the 24th and 29th. It brought up 
wdy a few dead corals: Caryophyllia formosa^ Ddtocyathus 
Agassizii^ IHploheliaprofunda^ the latter in numerous specimens 
[see description). Also a fragment of the siliceous skeleton of a 

Songe, forming a regular net-work somewhat like tliat of £u- 
Bctella as figured by jBowerbank, but lacking the spines. 

The soundmgs made during the cruise seem to indicate a kind 
jff submarine terrace, on which the dredgings of the 24th and 
I9th were made. The cast of the 25th was probably made on the 
idge of it, and the dredge no doubt touched bottom only for a 
ihort time, after which the ship drifted off into water too deep for 
the line attached. 

8. Beep-Sea dredgings in the region of the Gulf Stream ; by L. F. 
PouRTALES. (Communicated by the author, to one of the Editors, 
Sept. 30, 1868). — I sent you a few days ago a small pamphlet* con- 
taining some of the results of the deep-sea dredgings made by me 
in connection with the exploration of tne Gulf Stream by the Coast 
Borvey. If you think it worthy of notice in the Journal of Sci- 
ence, I have thought it would add to the interest to mention the 
much more complete results of this year's campaign, which were 
tbe subject of a brief communication I made to the late meeting 
of the National Academy at Northampton. As the specimens 
hnve not all been determmed as yet, I can give here but a short 
ootline. 

* The artSde abOTB BOttottd. 
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The dredgings were made outside of the Florida reetj tt Oe 
same time as the deep-sea soundings, in lines extending from tlie 
reef to a depth of about 400 to 500 fathoms, so aa to develop the 
figure of the bottom, its formation and fauna. Six such lines wen 
sounded out and dredged over, in the space comprised betwcct 
Sand Key and Coffin^s batches. All of them aeree nearly m theftt 
lowing particulars; from the reef to about the hundred fathom lia^ 
four or live miles off, the bottom consbts chiefly of broken sheUi 
and vory few corals, and is rather barren of life. A second rmoi 
extends from the neighborhood of the hundred fathom line to amt 
300 fathoms ; the slope is yerj gradual, particularly between 100 
and *200 fathoms; the bottom is rocky and is inhabited by quite a 
rich fauna. The breadth of this band varies from ten to twenty 
miles. The third region begins between 250 and 350 fathoms ud 
is the great bed of Foraminifera so widely extended over the 
bottom of the ocean. 

The second region is the most interesting, from the variety rf 
animals inliabitine it. The bottom-rock, of which many pieoei 
were brought up, is a limestone, still in progress of formation froB 
the debris of the shells, corals, etc, growing and dying on its em' 
face. Ill this fauna the vertebrates are only represented by a ray 
few small fishes, and those not deeper than 100 fathoms. Bnt 
all the branches of invertebrates are represented ; I will mentioi 
the most characteristic Of the Molluscs, the most common is T^ 
rebrattfUt CubcnsiSy mihi\ and a new species of Wahfhehnia^ both 
of large size. Of the former, more than a thousand specimens, and 
several hundred of the latter, were collected. Gasterojxxls are 
rarer and mostly small, the largest being tlie VoluUt jvnonia^ 
which was obtained living several times, and dead frequently, 
Acephala aro rather rare and small, but Bryozoa are abumianL 
Articulates (Crustacea and Annelids) are well representeiL But 
the jjrcat richness of this resion lies in the Uadiata. Of Echino 
deniis, the most common is a Cidaris (no v. sp.), besides which 
there are several new species of EchiiiidsB and very interestiM 
Asteridn? and Ophiurida\ Holothuriie are rather rare,*cxoept a oet 
Psolus. Of corals, I have eighteen new species, belonging princt 
pally to tlie families of Turbinolidae and Oculinidce; the Et 
psammidti? are also represented by two or three species, the Fib- 
gidffi (a true Fungia) and the MilleporidaB by one each. The M*i- 
reporida? and Astrajidce are entirely absent. There are also two or 
three species of Antipathes, eight or nine of Gorgoiiidoe, several «f 
Actiniate, some of them very abundant, Ilydroid polyps, sponges, 
and Foraminifera. As a general rule, every thing is of small siae 
There are no seaweeds. Some animal remains are found who« 
presence is accidental, such as sharks' teeth, bills of Cephalopodi 
shells of Pteropods, &c., which have evidently come from near the 
surface, and also a considerable number of bones of the manatee, 
most frequently pieces of ribs; for the occurrence of the latter! 
am not able to account, as the manatee does not inhabit the opa 
sea, and there are no currents to bring the floating carcasses t<c 
its usual haunts in the sYisSVo^ Aov]^ 
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From the third re^on the dred^ brought n^ fewer though no 
leBs interesting specimens, the chief of which is a new Crmoid, 
belonging to the genus Bourgueticrinus of D'Orbigny ; it may 
eren be uie species named by him B. ITotessieriy which occurs fos- 
sil in a recent formation in Guadaloupe, but of which only small 
tieces of the stem are known. I obtained half a dozen specimens 
etween 230 and 300 fathoms, unfortunately more or less injured 
by the dredge. 

The deepest cast made was in 517 fathoms ; it gave a very hand- 
some Mopsea, a crab, an Ophiurian, and some annelids. 

The difference of the deep-sea faunsB of the opposite coasts of 
Cuba and Florida is very marked, although the distance is so small ; 
of all the corals for, instance, described by me from the coast of 
Cuba, only two or three, and those in fragments, were found off the 
Florida ree£ 

The descriptions of the new species, with plates, are in prepara- 
tion and will be published by the kindness oi Prof. Agassiz in the 
next number of the illustrated Catalogue of the Museum of Com- 
parative Zoology of Cambridge. 

I am glad, i£o, to be able to say that Prof Peirce, Superinten- 
dent of the Coast Survey, has directed me to continue these re- 
searches during the coming winter. 

4. On the genus JLcelapa ; by Edwabd D. Cope. (Communica- 
ted for this Journal.) — As some confusion respecting the name of 
this genus has arisen, it appears best to attempt to correct it at as 
early a day as possible. This confusion, as it appears to me, has 
been created by remarks contained in an essay by Dr. Joseph Leidy, 
published in the last number of the Proceedings of the Academy, 
entitled '^ Remarks on a jaw-fragment of Megalosaurus.'' 

In the Transactions of the American Philosophical Society, xi, 
p. 143, Dr. Leidy describes a large carnivorous reptile allied to 
Megalosaurus, under the name of Dinodon horridus. He assigns 
to it, with some expression of doubt, teeth of two distinct forms, 
viz : some having a lenticular transverse section, with crenation 
on the two margins in part, and others having a lenticular section, 
truncate to a greater or less degree, in place of its angles, and 
therefore crenate on three edges m part. 

If Dr. Leidy had left the matter undecided as to which of these 
he regarded as the type of the genus Dinodon^ the almost univer- 
sal practice of naturalists would refer the name to that form which 
should not be first thereafter discovered to be distinct and named. 

I have been of the opinion that the two forms of teeth included 
by Dr. Leidy under the head of Dinodon really belong to distinct 
animals, and Leidy is also of that opinion. In 1866, in describing 
the genus Zcelaps (Proc. Acad., p. 279), I said : "The genus Iab- 
laps belongs to the family DinodontidcBy which is characterized 

* * by its compressed sabre-shaped teeth. It differs * * 
from Dinodon in that teeth of the latter have two posterior ser- 
rate edges separated by a posterior plane." This, then, according 
to the usage of naturalists, establishes the name of Dinodon for 
the truncate teeth, and LaBlaps for the two-edged. 
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Dr. Leidy, however, in an essay just published (Proc Acad, 
1868, <p. 198), in expressing his belief in the distinctness of the 
two genera, states that "teeth of like shape" (x, e., like Meg»> 
losaiirus), '* referred by me to Dinodon, alone belong to this ge- 
nus," and names the species represented by the truncate teeth, or 
the true Dinodon horridus^ Auhlyaodon fnirandus. He then goes 
on to say : " Future discovery may prove Lielaps and Dinmlon 
identical," and on p. 199: * * "An enemy which may periiaps 
on nearer comparison of corresponding parts prove to lie anotlieir 
species of the same genus, until now supposed to be different, xat- 
der the names of Dmodon and Lfelaps. It is thus sufficiently 
obvious that the proposition is to refer LsBlaps as a synonym oif 
of Dinodon. It appears to me, on the other hand, that is contraij 
to the rules of nomenclature, and the principles which lie at 
their root, and that the name Aublyaodon is a synonym of Di- 
nodon. 

This is, however, on the supposition that Leidy had left the 
question open or uncertain, as to which of the two forms of teetii 
was characteristic of his genus Dinodon, I think, however, he 
has not left it undecided, and I am supported in this by the opin- 
ion of von Meyer. 

Tlie teeth of LsBlaps, both from New Jersey and Nebraska, do 
not differ from those of Megalosaurus, while those of Dinodon 
do. It was not to be supposed that Dinodon was established on 
teeth of the former character, as the practice of describing spe- 
cies and genera, without a basis of distinctive characters, is an 
unusual and bad one, and ought not to be tolerated in natural 
science.* In describing Dinodon, Leidy savs the Lselaps-like 
teeth resemble those of Megalosaurus, and in his recent article in 
the Proc. Academy (p. 198), that they are "identical in character 
with those of Megalosaurus." 

He, however, specifies that the tnincate teeth of Dinodon are 
really those that characterize it, in the following wonls : "As 
the entire dentition of Megalosaunis has not yet been ascertained, 
it may turn out to be the case that in other parts of the iaws than 
thoscknown it possesses teeth like the ones above descrioed as pe- 
culiar. Should, on future discovery, such a condition of thing« 
be proved to exist, Dinodon would then cease to be anything 
more than a second species of Megalosaurus." The truncate teeth 
are then the " peculiar" feature of Dinodon, and all that prevents 
the species from being referred to Megalosaurus. 

Von Meyer has understood this language as I have, and has be- 
lieved that the teeth now ascribed by Leidy to Auhlysodony are 
really characteristic of Dinodon. lie says (Palseontographica. 
vii, p. 267) that while some of the teeth are identical with tho« 
of Megalosaurus, "the others indicate such peculiarity, that Leidy, 

* Falconer says of it: "It assumes a difference on theoretical grounds, whfrt 
the direct evidence, so far as it goes, indicates the contrary ; and its general adop- 
tion would tend to arrest on the threshold the investigation of the means througt 
which remote geographical forms, presenting common charactors, may hiit 
started from a common oi\|^— VNoiL Hiil. B«ioi«io^ 1SG3^ p. 64.) 
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who has made the investigation, thought it necessary to charac- 
terize the animal as distinct from Megalosaurus, under the name 
of Dinodon horriduay 

It is therefore evident that the Lselaps-like teeth described un- 
der Dinodon are really those that require a new name, if any. 
I will not give them a name, however, since there is no evidence 
that they differ from either Megalosaurus or Lselaps, though of 
course the probability is, that they belong to a species of the lat- 
ter eenus. 

^though Aublt/sodon would thus be a synonym of Dinodon, 
it is not an altogether useless name, since the latter was given 
years ago to a genus of serpents by Dum^ril and Bibron, and 
may therefore be suppressed. The name of the family Dinodon- 
tidicB also, which I gave in compliment to Dr. Leidy, may also be 
disused. 

In the same way, a genus of extinct reptiles was distinguished 
as Tomodon Leidy, a name long since given to a genus of Amer- 
ican serpents. Not liking to substitute a generic name given by 
another, by one of my own, I have requested Dr. Leidy to give 
me one by which to replace it. 

The synonymy of these genera will then be 

L^LAPS Cope. 

Dinodon Leidy, 1868, not of 1857. 

L^LAPS AQuiLUNGUis Copc, Proc. Ac. Nat ScL Phil, 1866. 

L^LAPS MACROPUS Copc, sp. uov. — This species differs from the 
former in the relative proportions of the phalanges and tibia ; the 
toes were relatively larger than in the preceding. Some of these 
bones are figured by Leidy (Cretaceous Reptiles), and described 
under the head of animals related to Hadrosaurus. It will be 
described more fully by me in my forthcoming memoir on the 
extinct reptiles of North Ameiica. 

AuBLYSODON Lcidy. 

Dinodon Leidy, 1857, Proc. A. N. Scl Phil., 1866, p. 198, not 
Dumeril and Bibron. 

AuBLYSODON H0RBIDU8, Dinodon horHdus Leidj, Trans. Amer. 
Philos. Soc, xi, p. 143. Ayhlyaodonmirandual^Qi^yyVvoG. Acad. 
Nat. Sci. Phil., 1866, 198. 

5. Considerations drawn from the sttidy of Mole Crickets; by 
Samuel H. Scuddsb, (from tne Proceedings of the Boston Society 
of Natural History, voL xi, January 22, 1868.) — Mr. S. H. Scudder 
stated that he had recently been studying the mole crickets with 
a view to their classification, and found that they were naturally 
divisible into two groups. For one he retained the name of Grt/i- 
lotaPpa^ under which all the species had formeriy been grouped, 
and to the other applied that of Scapterisctis, These two groups 
' were separated by tne following characteristics. 

In Scapteriscus the posterior margin of the sternum of the eighth 
Ax. JouB. Sol- ^bookd Sbribs, Vql. XLVI, No. 18&— Nov., 1868. 

38 
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abdominal segment of the $ is produced into a stont promineot 
central tooth ; in ChryUotalpa the margin is entire. 

The mesostemal ridge of OryUotalpa is prominent^ and almost 
equally so throughout ; that of Scapteriscus is never promineiit od 
the anterior half of the segment, and is often Ikoited to the pos- 
terior half, or is even obsolescent. 

The fore trochanter of Scapteriscus is large ; the free portion il- 
most always equals the tibial dactyl in length, and is of about the 
same size at the tip as at the base ; that of OryUotalpa is proportioih 
ally small, seldom exceeding half the length of the tibial oactyls; 
the form is cultrate or lenticular. 

Scapteriscus is furnished with only two fore-tibial dactyls, both 
of which are movable ; GhryUotalpa has two movable dactyls be- 
sides a second pair which are immovable. 

With but few exceptions, the hind femora of Scapteriscus more 
than equal the pronotum in length, while in OryUotalpa they are 
always shorter than the pronotum. 

InGryUotalpa the length of all the hind tarsal joints taken to- 
gether seldom exceeds half the width of the pronotom, while they 
equal its whole width in Scapteriscus, 

The hind* tarsal claws of Scapteriscus are clothed with short haiis 
nearly to the tip ; those of GryUotalpa have hairs only at the bMe^ 

The tegmina of Scapteriscus^ with but few exceptions, cover, 
when at rest, two-thirds of the abdomen ; in OryUotalpa they ^ 
dom conceal more than one-half of the abdomen. 

The nervures of the middle field of the tegmina in the females 
of Grt/llotalpa are distant and rather irregular, somewhat resem- 
bling tliose of the males ; in Scapteriscus they are approximate, 
regular and straight. 

Tlie anal cerci are longer than the pronotum in OryUotalpa; 
shorter in Scapteriscus. 

Finally, the ninth, and sometimes the eighth abdominal segments 
are furnished above, in GryUotalpa^ with two transverse lateral 
rows of long hairs directed inward, as if to keep the long folded 
wings in place ; these are absent from Scapteriscus^ where the win^s 
are equally long and similarly folded. 

Only one species of Scajyteriscits has been found without tbe 
limits of South and Central America, and that — occurring in a rio* 
gle instance in Europe — must undoubtedly be considered an emi- 
grant from the same warm regions; the members of the genie 
GryUotalpa^ on the contrary, are found throughout the whok 
world, not excluding Central and South America. 

Comparing these two genera with their nearest allies, Tridactylvt, 
Cylhidi'odes, etc., we find great and striking diflTerences— dif 
erences which arc extraordinary compared with those whjch dh 
vide Scapteriscus and GryUotalpa; the comparatively simple foK 
tibia, and the abnormal appendages which supplant the hind taia] 
in IVidactylns — the abbreviated legs fitting into cavities m tb« 
body, and the absence of articulated appendages at the extremini 
o{ the abdomen in CyUndrodes — these characteristics are farmoit 



BoUmfg amd Zoologg. 419 

important than the sexual sculpture of the abdomen, the ultimate 
neoration of the tegmina, the length of tiie legs, the contour of the 
trochanters, or the digitation of the tibiie, which separate tScapter- 
iscus and GryUotalpa. 

The fact« cited above present two featores which bear upon the 
question of the origin of species. 

First : these little mole crickets, so unique in their structure as 
to be widely separated from their nearest allies, are spread uniform- 
ly over the whole surface of the globe ; but few species occur in 
any one place, and at least one is found in every temperate or hot 
remon. 

Now, if species originate or change from physical causes, or by 
" Natural Selection,** why is it that under every physical condition 
and surrounded by every variety of ants^onism possible in their 
habitat, this same unique structural form has sprung up all over 
the globe? 

Again, how can such theories account for another feature— <H>m- 
mon, indeed, to all natural groups — ^that it is not one striking char- 
acteristic which separates ScapttrUcus and Gryilotaipa^ and which 
^ Natural Selection ^ might have seized upon, with reference to 
some special benefit, but a combination of features which have no 
apparent dependence upon each other, correlated, but not necessa- 
rily connected ? Why should " Natural Selection," altering for its 
own purpose the palm of the four-fingered mole cricket into that of 
the two-nngeied species in South America ; or, developing in South 
America, from some previous synthetic form of mole cricket, both 
the present four-fingered and two-fingered species, and in other parts 
of the world the four-fingered species only— destroying at the same 
time the prinueval form all over the sur&ce of the globe — at the 
same time, place rows of hairs on the hinder part of the abdomen of 
the tetradactylate group, and none on that of the didactylate ? or 
make the veins of the tegmina of the 9 ^f ^^^ ^m>up, distant and 
irregular, and those of the other straight and approximate ? Why 
famish the eighth abdominal segrment of the ^ of one with a pro- 
jecting tooth, and deprive those of the others of such a prominence ? 
Why give one long and the other short anal cerci, or clothe the 
hind tarsal nails of one with short hairs and leave the other naked ? 
What have these features to do with the difierences of structure 
we have mentioned in the palm-shaped fore leg, or in the lensrth of 
the hind leg ? Hiese and similar duficultie^ arising on every hand, 
seem to attend every derivative theory of the oriijin of species. 

6. Memarks on two new fossil InsfHs ^Vowj the Carboniferous 
Formation in America ; b v S. H. Scuddkb, (ib., Feb. 26.) — Mr. 
Scndder exhibited two fossil insects from the coal measures. One 
was found in the iron-stone nodules of Morris, Illinois, which have 
previously afforded remidns of insects. The fragment represents 
Ibe wing — apparently an upper one— of a neuropterous insect, n ' * "^ 
he called Megathentomum puMuiaUim^ It is gigantic in siae, 
broad, with distant nervures, simple and slight divarications, 
fai the outer half of the wing, which alone is preserved^ ^ 
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nenration, oomposed of most delicate and irreffular veinlets. Tlie 
wing is also famished with a large nmnber of larger and smalkr 
discolored spots, the surfaces of the larger ones irregularly elevstei 

The vefia mediaatina is simple and straight ; the venascapvlarit 
sends out two branches from its upper side, the first of which does 
not reach the border but loses itself in a congeries of minute Ttii]i% 
while the second, branching again quite near its origin, supiXHli 
the tip of the wing ; the vena extemo-media occupies the middle 
third of the wing, and divides once near the base ; each bmidb 
is straight and forks again, the upper one a little nearer the boidar 
than the second divarication of tne vena acapulariSj the lower stffl 
nearer to the margin ; the vena intemo-media divides several timet, 
the uppermost branches forking again just inside of the border; 
the vena analis does not appear on the fragment. 

There are six larger round or squarish spots ; fonr of them fom 
a bent row a little beyond the middle of the wing, the upper three 
spots being nearly straight and the lower one tamed inward at i 
little more than a right angle ; the uppermost spot occurs in the m* 
terspace between the vence scaptUaris and extemo-media; the othen 
follow in succeeding interspaces. The two other large spots are 
found in the same interspaces with the upper two of the inner roT, 
and are situated about half way between them and the bofdet 
The smaller spots appear to be less regularly distributed; thejaie 
usually round, but sometimes oval or elongated ; there are three at 
equal distances from each ot];ier in the lower outer interspace fonned 
by the branches of the veyxa scapulariSj one occurs just within and 
above the inner of the three just mentioned, and one near theaui^ 
of the last divarication of the vena acapularis ; there are two h- 
tween the forks of the upper branch of the same, and, in the inter 
space between the branches one spot is found close to the margis; 
two larger and elongated spots occur in the same interspace wA 
the lowest of the four large spots and three equidistant round ooe$ 
in the next interspace below ; in the succeeding interspace, proba- 
bly about halfway between the base and the outer border, tnereii 
an oval spot ; finally two faint ones are situated upon and benead 
each of the branches of the vena ext^mo-media near the middle «f 
the wing. 

The wing was probably a little more than three inches in length; 
its greatest breadth measured by a line at right angles to the c» 
tal border is 1*8 inch ; from the apex of the wing, \vhere thenpftf { 
branch of the veyia scapularis touches it, to the lowest point oith 
lower outer angle i'\ mches ; from the center of the upper, intff 
large spot to the outer margin 1*06 inches; greatest breadth of vl 
interspace, '34. This insect, apparently allied to the Conioj[^\ 
gidcB by the simplicity of its neuration, differs from that famik 
not only in the cross-veining, but in the mode of branching andtkj 
proportion of the wing allotted to each of the veins. Dr. Hae* 
has shown me in this wing some resemblances to the JPhryg<u^\ 
but I am inclined to believe it is distinct in its family charactf^J 
istics from any known Xyi^ of Neuroptera. 
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The second insect, for which the name o^ Archegogryllus priscus 
is proposed, was found by Dr. J. S. Newbeny in the lowest coal 
beds at Tallmadge, Ohio. In consists of a broken leg of a cricket 
and a very small fra^ent of its wing — apparently a lower one. 
There are no determmate characters m the wing. The leg was 
broken into fragments from which a femur and tibia could be made 
out ; they are quite remarkable, for while the femur is smooth, the 
tibia is famished with several prominences of large size ; in modem 
types, the prominences, if they occur at all, are found only on the 
iemur ; in this specimen there is a slight rounded prominence on 
the upper surface at the very base oi the tibia and another just 
beyond the middle ; opposite the latter, on the upper surface, is a 
deeply bifid elevation, its hollow corresponding to the elevation on 
the upper surface ; the basal half of the under surface is occupied 
by a very broad prominence, abrupt at its edges, of nearly equal 
beight throughout, but slightly depressed in tbe middle. Length 
of the femur, *28 inches ; breadth of the same, *1 1 inches ; length 
of the tibia, '26 inches ; breadth of the same, '045 inches. 

7. Siredon a stage in the develojnnefit of Amhhjatoma ; by B. 
SiLLiMAN. — ^Prof. Marsh has given on pp. 364-374 an interesting 
account of the transformation of Siredon into Amblt/stomaj 
illustrated by excellent figures. 

The very limited time at our command at Como station, did 
~ not allow any opportunity to study the habits and actual condi- 
tion of this remartcable and ambiguous reptile in its native habitat. 
"1 All the metamorphoses described so clearly by Prof. Marsh oc- 
curred, it will be observed, subsequently to the removal of the 
'_ collection of specimens made for us bv the kindness of Supt. Sny- 
7 der, to lower and warmer altitudes. iThis has led to some discus- 
sion of the question whether these changes in the animal would 
...^ have occurred had these creatures remained in Lake Como. 

On the return of our party from the terminus of the Union Pa- 
cific Railroad to Cheyenne, 120 miles east of Como, I left the party 
~ for a detour to the Colonido mines. This gave me an opportunity 
Z to see, in the possession of a person who had a sort of menagerie at 
■^ . Cheyenne, a number of Amhlystoma which had been developed in 
^ ' the establishment from Slredofu These were living in a large 
. glass fish-globe, and the proprietor assured me he had obtained 
J" them some weeks previously from Lake Como, and that when they 
^. arrived they were all in the "fish state" — much larger than at 

E resent and provided with ' gills,' as he expressed it, about the 
^ , ead. In a short time they commenced to change, and in about 
""^ three weeks all were completely developed into Salamanders. They 
7^ were six or eight in number, and when I saw them, they very 
closely resembled the specimens now in New Haven, and <lescribed 
by Pro£ Marsh, with a like diversity of color and markings. I 
^ was quite particular in my inquiries of the owner, and am per- 
.'*' cuaded his account was entirely truthful, and he assured me we 
^; should find our specimens soon changing in the same manner. As 
^ ' this transformation was then unknown to me, and seemed vet^ vqsl- 
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probable, I received the Btatements with a measure of iocredalily. 
More than three weeks elapsed before I again heard of oar New 
Haven colony of Siredons, and I was not a little interested to 
learn, on my return here, that nearly the whole number bad al- 
ready undergone the transformation into Amblysioma. 

We know, therefore, in the case of two different colonies of Sire- 
dons from the same locality, placed under very unlike conditions of 
elevation above the sea, but otherwise similarly situated, that both 
have undergone the same transformations. We cannot therefore 
avoid the conclusion that Siredon is a stage in the development of 
Amblf/stoma. 

New Haveiif Nov. 2d, 1868. 

IV. MISCELLANEOUS SCIENTIFIC INTELLIOEKOX. 

1. Earthquake of Aug. IZth — 16^A, 1868. — ^We condense firom 
newspaper accounts written immediately after the event and before 
accurate reports from distant points could be received, such a state- 
ment as we are able to make of the chief facts of scientific interest 
connected with this extraordinary convulsion of the earth. In ex- 
tent and violence, as well as in destructiveness to life and property, 
it appears to have been one. of the most remarkable experienced in 
South America since its settlement by Europeans. The iHide 
western coast from New Granada to Chili was shaken, and cities 
and towns in great numbers were suddenly laid in ruins, either by 
the violence of the shocks, or by the subsequent influx of the sea, 
or by both. The loss of life is but imperfectly known, the estimates 
ranging from 30 to 60 thousand and upwards; some statements 
making it over 40,000 in Ecuador alone, where it was proportion- 
ally greatest on account of the first shocks occurring in tne dead 
of night, while in other regions they took place for the most part 
in the daytime. 

The shocks commenced on the 1 3th of August, aboat 5 o'clock 
p. M., and were felt throughout the coast provinces of Peru and 
Bolivia, the center of disturbance being m southern Peru. In 
different places the shocks lasted from two to seven minutea TTie 
sea immediately retired to great distances, and returned on the 
coast at the rate of ten miles an hour, and with a wave full fifty 
feet high, that covered many towns and swept away in its reflux 
every thing within its power, leaving ships high and dry upon the 
land. The places where the convulsion was felt most severely «e 
Arequipa about forty miles from the coast, and Moqnegna about 
twenty-five miles inland. Arequipa, a city of fifty thousand in- 
habitants, situated but 14 miles from the lofty volcano called 
"Misti," was almost totally destroyed. Though solidly built of 
stone, not a church is left standing, not a house is habitable, nor 
scarcely one stone left upon another. Some two hundred of the 
inhabitants perished, the rest having had time to escape. 

At this place the earthquake commenced with an nndulatins: 

movement, and as tho «i\iock& culminated no one oonld keep h& 

^ feet; the houses roctd AaVlq^ ^\iv^^ m \Xi<^ x.-wyo.^^i the sea, and 
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came crumbling down. Nineteen minor shocks took place the 
same night, and the earth continued to be disturbed for some days. 
Openings occurred in the plains around the city, and water made 
its appearance in various places. The neighborhoods of Tiabaya 
and Sanbandia and all the outlets of the city shared her fate. The 
neighboring volcano opened on the side toward the north, and 
threw forth earth and ashes ; the water which the inhabitants used 
to drink turned black, and of an insupportable taste. 

Another important city almost totally destroyed was Iquique, 
in southern P*eru. A correspondent of the New York Times 
writes: — "A few minutes after 6 p. m., on the 13th inst., the in- 
habitants were terrified by loud subterranean noises, presaging the 
approach of an earthquake. The shock immediately followed. 
£/rery building was shaken to its foundation. The population 
rushed into the streets, and those who were not buried oy the fall- 
ing walls made their escape into the country with all speed. Had 
they remained in the city the entire population must have perished, 
as immediately on the passing of the first shock, the sea retired for 
some distance, and then returned with a great rush and a roaring 
sound more terrible than the loudest thunder. The wave was of 
dreadful height and force, and it swept irresistibly over the town, 
completing the ruin begun by the earthquake. Not a mercantile 
estaoHshment has escaped, nor does a vestige remain of the most 
opulent and handsome section of the town. The massive buildings 
belonging to the nitrate merchants, mostly constructed of stone 
and hme, have entirely disappeared. Buildings constructed of 
timber were swept away at once, leaving nothing to mark the 
place where they stood. 

" The inroad made by the sea extended to the Pantera, part of 
which was covered by the wave, and that section of the town 
known by the name of the Puntella has been entirely destroyed, 
leaving nothing but the debris of innumerable houses. 

" It IS supposed that over 200 persons were killed by the earth- 
quake." 

Repeated shocks were felt subsequently to the 1 3th, although of 
a milder nature. 

The establishment of the Tarapaca Nitrate Company at Molle, 
eight miles south of Iquique, has entirely disappeared, and other 
works in the nitrate districts have suffered materially. The works 
of the Peruvian Mining Company of London are entirely destroyed, 
upwards of 400 tons of silver ore, heavy machinery, and large 
quantities of quicksilver having been swept away like so much 
chaff 

In like manner Arica in Peru, the chief port for the commerce of 
Bolivia, afler being destroyed by the earthquake, was obliterated 
by the sea. Of five ships that fay at anchor in the bay, all but 
one were destroyed with the entire or greater portion of their 
crews. Tlie single exception was the United States war-steamer 
Wateree^ which was swept a quarter of a mile inland, and lost but 
one man. 
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Some of the officers of the Wateree have reported the following 

facts : — 

At 32 minntes past five oVlock, that is, 17 minutes from the ces- 
sation of the initiary shock, which lasted ten minntes, the fbrst wave 
was experienced. Tnese waves for a short period followed each other 
with great rapidity and regularity. The experience of those on 
the Wateree was peculiar. The water retirea from the shore and 
then, unlike the regular pulsation or roll of the sea, rose from 
beneath, placing the ship, as it were, poised on the apex of a cone- 
like hill. This wave fell as suddenly as it rose, the steamer mean- 
time shaking like a leaf in the wind ; and then commenced a series 
of tidal rollers, first moving in grand masses toward the shore, 
and next retreating until those on the ship could see the gronnd 
of the roadstead almost from their anchorage to the shore. Tbe 
vessel was swung and thrown hither and thither like a cork, and 
finally, on the ninth movement of the waters — ^the earth trembling 
without cessation, while the skv overhead was exceedingly clear 
and not a breath of wind stirred — ^was driven from her moonngs 
and carried, losing one anchor and chain and taking the others 
with her, over the shore line and across the railroad, the track of 
which was destroyed, some distance inland, and finally left on an 
elevation of twelve feet on an otherwise level plain' immediately 
north of the city, where she now lies apparently but little dam- 
aged, and, if she were worth it, in such a position that she can be 
moved back to the sea. The Wateree, being flat-bottomed, met 
with little obstruction, while the storeship Fredonia, being deep- 
keeled, was dashed against the rocks, and on the morning follow- 
ing the disaster, there was not a plank of her left that was whole. 
There were shocks of greater or less violence at Arica up to 
Auff. 30. 

1 he destruction at Arica was complete. All public and private 
buildings, even the fort and the trees were swept away. Of the 
inhabitants some 200 perished. 

At Callao the damage caused by the shocks was comparatively 
slight ; that by the subsequent fire and inundation was very great. 

The Port of Chala, about half-way between Callao and Iquique, 
suffered great damage, the havoc continuing for about forty-five 
minutes. At the moment the steamship Santiago was about to 
anchor, after a shock which was felt very sensibly on board, the sea 
receded, parting the chain of the vessel, and of the company^s hulk, 
at anchor in the roadstead, and then returned at a heiAt of about 
fifty feet, covering the rocks about the anchorage and in the har- 
bor, and sweeping up into the town for the distance of over 1 ,000 
feet. The Custom-house, Steamship Agency, Mole, and everything 
within range was swept away by three successive seas preceded 
and followed by as many as twelve shocks of earthquake, each 
lasting from three seconds to two minutes in duration. 

The town of Tambo is entirely washed away, and upward of 
500 persons have perished. The towns of Tiabaga Vitor, Mol- 
liendo and Mejia, and all t\i^ >r\U«b^es within 160 miles are totally 
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destroyed. In the latter place all the materials for the building of 
the Arequipa railroad, which were deposited there, were wa£ed 
away. Mejillones is. completely destroyed. 

At Tacna it is said as many as sixty-four distinct shocks of earth- 
quake were felt, and they continued up to the last date (16th). 
The towns of Sama and Lecomba are nearly destroyed. The earth 
opened in many places and vomited forth hot water. The valley 
of Lluta is completely ruined. 

Owing to the elevation of the port, the damage done to Islay by 
the sea was not very great, though the earthquake wave rose to 
the height of sixty feet. The French ship Canton^ although left 
high and dry, succeeded in floating off with the return sea. The 
mole is nearly destroyed. In the town every stone or cement 
wall is either demolished entirely or badly shaken. Among other 
freaks of the earthquake an entire new quebrada has opened at 
Guerreros, with a running spring at the bottom. 

At the Chinca Islands the shocks were so strong as to throw 
every one to the ground. For a while after the subsidence of the 
earthquake the sea remained perfectly quiet, but about 9:30 o^clock 
at night commenced retiiing, and when about seventy yards dis- 
tant raised itself in an immense wave, which rushing forward 
threw itself with irresistible weight against the mole. The solid 
structui*e was instantly torn away. The inhabitants gave them- 
selves up for lost, supposing the whole island was about to be 
submerged. The ships were dashed about like cockle-shells, and 
suffered great damage from striking against each other. All the 
launches and small vessels are totsQly destroyed, the wharves and 
the mole are so injured that immense sums will have to be ex- 
pended on them before they can be of service. 

In Ecuador repeated shocks were felt between the 13th and the 
1 6th, the most destructive occurring at the latter date. At Guaya- 
quil the firat shock lasted forty or fifty seconds, the direction being 
n-om east to west, and the movement regular and slow. The ex- 
act date is not stated. 

At Quito the severest shock, according to a Government circu- 
* lar, occurred a little after one o'clock a. m., of the 16th. It was 
prolonged and caused much damage to the city, with considerable 
loss of life. The greatest disturbance was in the province of Im- 
babura. Ibarra, its capital, San Pablo, Atuntaqui, Imantad, Ota 
vala, and many other places are entirely in ruins. The shock hap- 
pened at midnight, and was so sudden and violent that there was 
no time for any one to escape. In Ibarra, Otovala and Cotacaohi 
almost the entire population perished. Where Cotacachi was is 
now a lake. 

At Talcahuano, in Chili, no shocks had been felt on the 14th, 
but, the night preceding, an extraordinary wave from the sea had 
swept in upon the town, causing immense damage. At 10 o'clock 
at night the sea had gone back over 270 yards. A little before 11 
o'clock it rose with a swell some 10 or 12 feet above its former 
level, and dashed upon the beach with an awful roar. 
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From 12 at night nntil 2 in the morning the sea was in great 
agitation, retreating and rushing forward by tnms, and at last 
subsiding within its ancient bounds. 

In Tome the town was likewise inundated. 

In Constitucion the vessels anchored in the port were swept 
up the river, some of them being left aground and others sustain- 
ing considerable damage. Ine city itself was bat slightly 
injured. 

Earthquake Wave at the Sandwich Islands. — ^The oceanic dis- 
turbance caused by this earthquake was not confined to the South 
American coast, but extendea across the Pacific, even to Japan. 
It was observed at the Sandwich Islands on the 14th, and for sev- 
eral succeeding days, and at Yokohama, Japan, on the 15th. 

At Hilo, Hawaii, the phenomenon was first noticed at midnight 
of the 13th. A correspondent of the Honolulu Commercial Ad- 
vertiser, writing on the 15th, states, that from that hour there had 
been a constant rise and fall of the ocean up to date, the fisill being from 
6 to 8 feet on the average, and occurring once in an hour through 
the day. The bridge at Waiakea had been lifted bodily from its 
position, and carried up the Waiakea as far as the fish-pond walls. 
This was done by the rise of 11 o'clock a. m. of th^ 14th. An- 
other correspondent at Hilo states that the influx and reflux of the 
sea, as observed by his informants, had been taking place since the 
hour of 2 o'clock a. m. of the 14th, rising and receding every few 
minutes ; from four to six feet being the general rise higher than 
usual tide. This continued throughout the day and night, and up 
to 4 p. M., the date of writing, on the 15th. A principal feature 
of the phenomenon noticed was its long continuance and regu- 
larity, varying little from five minutes in rising or receding, when 
receding the whole distance, sometimes falling but about one half 
. the distance that it fell at other times. 

From Kawaihae Mr. Conway writes, under date of Aug. loth, 
that he was awakened between 3 and 4 o'clock on the morning of 
the 14th, by a peculiar rumbling noise, apparently as of stones 
rolled along the beach ; and on going out, he saw the rocks on 
the beach, for several hundred yards, entirely bare. After a few 
minutes the water suddenly rushed in again with the rapidity of 
a six knot stream, and reached full thirty inches higher than the 
usual highest tides. After flowing and ebbing slightly for some 
ten minutes, with considerable agitation, it again receded to from 
two to three feet below the usual tide-marks ; and so it continued 
to the time of writing, at longer or shorter intervals. 

At Kealakekua, the extreme rise and fall was reported to have 
been about 10 or 12 feet. 

From the Island of Molokai, Captain Fountain writes, under 
date of the 16th, that at 10 o'clock a. m. on the 14th, he noticed 
that the tide was four feet higher than usual, and that it rose and 
fell twelve times during the next four hours. The next day it 
continued the same, but longer between the time of rising and 
falling. On the 10th, it, waa ciOTi\Mv\x\\i^^ but with the intervals 
BtiU longer. 
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At Kahnlni, on the windward side of Maui, the phenomenon 
was first observed at early daybreak on the 14th, and continued 
during the day, leaving the reef and some rocks in the harbor 
quite Dare. It was judged that the extreme rise and fall was 
nearly twelve feet, it was highest about 7 and 1 1 o'clock a. m: 
At places on the lee side of Maui, the rise and fall appears to have 
been not so great as at Kahnlui. 

At Honolulu, the tide was first observed rising higher than usual 
about 9 o^elock p. m. of the 13th. At midnight the sea was re- 
ceding, with a noise as of persons wailing, caused by the water 
rushing over the reef At 7 o'clock the sea began to flow out 
rapidly, until 15 minutes past, when it checked and rapidly re- 
turned. The extreme fall, from the highest point, was three feet 
and ten inches. At 20 minutes past 8 a. m., the water again re- 
ceded, and continued fiilling for 15 minutes, when it turned and 
rose 28 inches in eight mmutes. Since that hour it continued 
rising and falling rapidly every 20 minutes, imtil about 25 minutes 
of 3 p. M., when it reached the highest point, five feet and four 
inches above the lowest mark. 

At Waimea, Kauai, the tide rose and fell some six feet between 
the highest and lowest points observed, between 10 and 11 o'clock 
on the forenoon of the 14th. No measurements were taken. 

It appears, from these reports, that at the Sandwich Islands the 
tidal oscillations were nearly uniform, throughout the group — that 
the tide rose highest and fell lowest on the windward or eastern 
shores of Maui and Hawaii — ^that it commenced nearly simultane- 
ously at midnight, or a little before midnight, at the various points 
— ^tlmt the greatest variations occurred at or about 7 and 1 1 o'clock 
A. M. on the 14th — that the oscillations continued from forty-eight 
to sixty hours from the commencement — and that at all the places 
where observed, the sea rose and fell gradually^ though in some 
places more rapidly than at others, varying from four to twelve 
inches per minute. 

The earthquakes of the same date in South America were obvi- 
ously the cause of the phenomena observed at the Sandwich Isl- 
ands and in Japan, the earthquake wave having occupied but a 
few hours in crossing the entire Pacific. 

Earthquakes and earthquake waves in Australia and New Zea- 
land. — On the morning of August 17 (Aug. 16 as compared with 
time in the Sandwich Islands) earthquake shocks were felt at sev- 
eral points in New Zealand, two occurring at Napier at 9*» 65™ ; 
Castle Point, 9»> 66™ ; Lyttleton and Nelson, 9^ 67™. 

In eastern Australia there were unusual waves and tidal dis- 
turbance. At Sydney it was high water at 5** on the 15th of 
August, and it was ebbing fast, when at 8** it suddenly turned and 
ran with great force up the harbor, snapping the warps of one of 
the ferries, and creating much confusion. At one point the water 
rose two feet in five minutes. At Newcastle the ship Alexander 
- was swept from her moorings ; the water rose 2^ feet in 16 min- 
atea. Similar disturbances were experienced in Tasm&iv\».^<^^«^ 
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land and New Zealand. It is stated also that at the same time 
two slight shocks of earthquake were felt at Wellington, N. S. W., 
and at some other places ; but whether on the same day precisdy 
is not quite clear. 

2. Earthquake in CaHfomia^ Oct. 21. — On the 2l8t of Octoher, 
at 7h. 60m. in the morning, an earthquake occurred, doing consid- 
erable damage to houses, m San Francisco and Oakland. At the 
comer of Market and First streets, San Francisco, the ground 
opened several inches wide, for a distance of 40 or 60 feet. An- 
otlier shock was felt in the city at 7 p. m. 

The earthquake was also severe in the interior. Shocks were 
felt at Sacramento and Stockton; at Redwood €)ity, where the 
court liouse is a wreck ; at Marysville, slight ; at Grass Valley, 
severe ; at Sonora, light, but continuing nearly all day. 

Other shocks are reported as having occurred at San Francisco 
on October 2dd, 25th and 27th. 

d. Zist of Papers read at the session of the Nationttl Academy 
of Sciences in August^ 1868, at Northampton, 

1. On the Tides and Tidal Currents of Hell Gate; Henry 
Mitchell, Assistant Coast Survey. Read by Prof Peirce. 

2. On the Rainfall of the United States ; Chas. A. Schott, As- 
sistant Coast Survey, from data collected by the Smithsonian Lasti- 
tution ; paper presented by Prof Henry. 

3. Remarks on Mr. Airy's reduction of Earchhoff's scale ; Wol- 
cott Gibbs. 

4. On the origin of bitumens, together with experiments upon 
the formation of Asphaltum ; J. F. Feckham. 

5. On the Topography and topographical work west of the 103d 
meridian ; J. D. Whitney. 

6. On an invariable meter ; A. C. Twining. 

7. On the Tides and Tidal currents in an estuary or a canal be- 
tween two tidal stations ; Benjamin Peirce. 

8. On deep sea dredgings in the Gulf Stream; L. F. Pourtales. 

9. On subdivisions of Cretaceous and Marine Tertiary formations 
in California ; W. M. Gabb. 

10. On the constitution of Uric Acid and its derivatives; Wol- 
cott Gibbs. 

11. On new methods in Analytical Chemistry ; Wolcott Gibbs. 

12. On the fossil human skull of Calaveras county, California; 
J. D. Whitney. 

13. On the distribution of the Forest Vegetation west of the 
Rocky Mts.; W. H. Brewer. 

14. On the reported occurrence of human bones at Antelope 
station, Union Pacific Railroad ; O. C. Marsh. 

16. On the motions of a freely suspended pendulum; J, G. 
Barnard. 

16. Tides and tidal currents in a harbor; Benjamin Peirce. 

17. On alphabetic systems as tests of race ; W. D. Whitnev. 

18. On the estimation of Carbonic acid; S. W. Johnson. 

19. On Nitrification*, S. \f . JoVrnf^on, 



MieoeUaneous InteUigenoe. 429 

20. On a new Borate from Mine HUl, Sussex Co., New Jersey ; 
G. J. BrosL 

21. Some points in the Surface Geology of the region west of 
the Rocky Mts. ; J. D. Whitney. 

22. On the transportation of the materials of the Carboniferous 
Conglomerate ; J. S. Newberry. 

23. On the deposits of Sulphate of Strontia on Strontian Is- 
land, Lake Erie ; J. S. Newberry. 

24. A new and general method of developing the real roots of 
an equation, essentially extracted from my algebra, page 512; 
Theodore Strong. 

25. Remarks on the pendulum and gyroscope as exhibiting the 
rotation of the earth ; J. G. Barnard. 

26. On some interesting points in the structural geology of the 
Nile Valley ; J. P. Lesley. 

4. On a Meteorite which eaploded over Kanaaa^ June 6, 1868; 
by Prof. B. F. Mudgb, (communicated for this Journal.) — ^At 
twenty minutes before noon, June 6tli, a most brilliant meteorite 
was seen in our western sky. It exhibited a pink flame, shining 
with so vivid a light, that had it occurred in tne night it would 
have obscured the full moon. It descended at an angle of 75° with 
the horizon, leaving a streak or sharply defined line of its track, 
which continued nearly a minute. When first seen by me, it had 
an elevation of 55°, though others saw it still higher. The diam- 
eter of the nucleus was about 15' or nearly half the diameter of 
the moon. It descended with great velocity, (in less time than one 
second) and when 12° above the horizon, bearing 10° N. of W., 
exploded, sending two streams of fire toward the earth. The re- 
port of the explosion followed in about four minutes and a half, 
(owing to inaavertence the time was not exactly noted.) The de- 
tonation was double but following each other in quick succession, 
nearly simultaneous. Here it sounded as loud as a twelve-pounder 
a mile distant. Those west of us, who heard it, described it as 
more like sharp thunder. A farmer in the Republican valley, fifty 
miles from this place, supposed it was the steam boiler of a mUl, 
and hurried to the spot to learn the damage done. On exploding, 
it produced a light blue cloud one and a half degrees long and two- 
thirds as wide, which floated in sight seventeen minutes without 
much diminution in size, when a passing cirro-cumulus cloud ob- 
scured it. The report was heard over an area 120 miles in diam- 
eter and the meteorite was seen much farther, viz., at Topeka, 
Marysville, Fort Harker, Fort Zarah and intermediate points. Its 
flight was apparently from south to north, though its motion was 
so rapid ana nearly perpendicular, that it was dimcult to determine. 

The following are its elements, very nearly : 

Height when first seen, 81 miles. 

" " it exploded, 12-5 " 

Length of the cloud caused by the explosion, 1*44 ** 

Breadth " -06 " 

Size of theneucleuB or head, .l^BftO fefc\.» 

Distance from this place wben it e^VA^^iX^s^ ^^ \s^^%« 
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It must have exploded over the country aboat midway betwe^ 
the Republican and Solomon rivers, which has few inhabitanta 
An aerolite must have fallen and I have spent some time in en- 
deavoring to find it, but thus far without success. 

State Agricultural CoUege, Manhattan, Kansas. 

5. Corrigenda for Article XIV on Vision, — ^In the article on 
Vision by S. Rowley in our September number (p. 168), notice of 
two omissions in the statement of the proposition was forwarded 
by the author, but reached us too late for insertion. The follow- 
ing are the corrections to be made : 

In 8th line from bottom of page 155 (counting the lines of the 
note), between the words behind and the^ insert the words, the center 
of. 

In 4th line from top of page 156, between the words plane and 
perpendicular^ insert the wordSy passing through the middle of the 
interval between the eyes and the point of intersection of the optic 
axes, 

6. British Association, — ^The next meeting of the British Asso- 
ciation will be held at Exeter, under the presidency of Prof 6. S. 
Stokes, Sec. R. S. 

V. MISCELLANEOUS BIBLIOGBAPHY. 

1. Report of J. Ross Brown on the Mineral Resofirces of the 

States and Territories west of the RocJcy Mountains. Washing- 
ton : Government Printins^ Office, 1868. 8vo, pp. 674. — We find 
in Mr. i brown's Report a larjije mass of important and interestmg 
information which it is desirable should be accessible in a compact 
form for the use of all who wish a resume of the existing state of 
development as well as of the general nature and extent of the 
vast mineral regions of the IT. S. west of the Rocky Mountains. 

As Mr. Brown is neither a mineralogist, geologist nor miner, we 
can fairly look in this document only for such information as an 
industrious collector of facts and an experienced traveler may 
amass upon almost any subject to which he brings zeal and intel- 
ligence. We can readily overlook numerous slips in matters tech- 
nical and scientific, in view of the substantial contribution Mr. 
Brown has made to our literature upon this subject. The want of 
good maps (or maps of any kind), of plans and sections in Mr. 
Brown's Report, we regret the less, now that we know that these 
are being supplied in a manner which can hardly fail to be satisfac- 
tory by the labors of the party under the guidance of those experi- 
enced topographical and geological explorers, Messrs. Kincj and 
Gardner, whose survey of the 40th parallel covei*s a zone of country 
reaching from the Sierra Nevada to the eastern slopes of the RockV 
Mountains, within which fall the most important mining districts of 
the great interior basin of the continent. It may be two or three 
years yet before we get the full returns of this large and well or- 
ganized party, but the volume on the mining regions of Nevada, 
iuon tana, Idaho, Uta\i, an^CoVoY^do^^hich embraces the labors 

the mining engiaeer,^ILt, 3«mfe%T>»l&».'^\Skfc., ^^^e^sks^^^^^ec^ this 
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special department, will, we understand, be in readiness for presen- 
tation, this coming session, to Congress. 

About one half of Mr. Brown's Keport is occupied with a de- 
tailed notice of the gold region of the State of California. The 
silver re^ons of Nevada occupy the next important place ; after 
which, Arizona, Utah, Montana, Idaho, Washington Territory, 
Oregon and Alaska are discussed ; followed by general observa- 
tions on the " Pacific Slope ;" general considerations on the pre- 
cious metals ; foreign States and Territories, and an Appendix, con- 
taininsT various official and leading documents relative to mining. 

On the whole, we rise from an examination of Mr. Brown's Re- 
port with a feeling that he deserves praise for good sense and 
intelligence, which he has brought to his difficult task. This good 
sense he has shown in nothing more than in the use he has made 
of the labors of others who have preceded him in the same fields, 
labors generally, but not always, properly acknowledged. The 
chapters on the Sutro Tunnel, the general considerations on the 
precious metals, and that on Lower California and on Mexico, are 
those which possess perhaps the highest peimanent value of any 
portion of the Report. Under the same covers with Mr. Brown's 
Keport, we find a 

2. jReport of Jambs W. Taylor on the " Mineral Hesoiirces of 
the ITnited States east of the JRocky 3fou7itai7is,'*^ pp. 71. — A more 
utterly incompetent and wretched discussion of a great theme 
never disgraced a Governmental Blue-Book. Of its 71 pages, 
barely 28 are from the pen of its reputed author ; and if the whole 
of this hotch-potch of " Canadian Mines," " Nova Scotia," Metal- 
lurgical Treatment, Taxation, Transportation, and Foreign Rail- 
ways, had been omitted, the value of the document would not 
have suffered. The Appendix, which forms more than one half of 
the Report, reproduces an old Essay on Artesian Wells, by D, D. 
Owen, L>r. Hayden's late paper on the Western lignites, from this 
Journal, a fair essay on the mineral resources of Montana, by W. 
S. Keys, M. E., and a long letter from Mr. Gold-Commissioner 
Hamilton of Halifax on the gold and coal mines of Nova Scotia. 
What the United States may have to do with the Gold Regions of 
Canada, and the Gold and Coal regions of Nova Scotia, does not 
appear from the context, although it is evident that their annexa- 
tion to Mr. Taylor's Report fills an important void. 

We cannot refrain from expressing our surprise and amazement 
that our Government should intrust a commission so important as 
that of preparing a Report on the Mineral Resources of the States 
and Territories East of the Rocky Mountains to such unworthy 
hands. The country abounds with men who have devoted their 
lives to the study oi our geological and mineralogical resources, 
and whose published works bear ample testimony to their ability 
to serve their country and advance science. In passing by these 
men and selecting the author of the document before us, the Gov- 
ernment places tne country in a false position before the whole 
world, and fails utterly in the only object it can have in the pro- 
duction of such officifll Reports. 
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3. A treatise an the Concentration of aU kinds of OreSy indu- 
ding the Chlorinatian Process for Gold bearing SulpkuretSj Ar- 
seniurets and Gold and Silver ores generally; by Guido Ku»- 
TEL. 259 pp. 8yo, with 120 diagrams on 7 plates. (San Fian- 
cisco: office of Mining and Scientific Presa. New York: Wert- 
ern & Co., office of American Journal of Mining.) — ^Mr. Kostd 
has ^ready done great service for practical metallurgy by the 
publication of his book on the ^* Nevada and Calif orfiiaproeesset 
of Gold and Silver extractioii^'* and the present work is one of modi 
importance to both miners and metallurgists. It is, we beliere, 
the only work of the kind in the English language, and bes^es 
original material, gives us the latest results attained abroad, and 
especially much of the valuable matter contained in the recent 
elaborate work of von llittinger. It is very systematically ar 
ranged — an introductory chapter treats of the general principlei 
of ore dressing, the separation from the gangue m and outside the 
mine, ragging, spalling, cobbing, etc. ; the diffisrent varieties of 
cleansing apparatus, and the various kinds of rotary sixers. The 
second mvision of the subject entitled *' reduction,^ treats of the 
different breakers, crushers, and pans, with a proper consideratioii 
of the theoretical points involvea in the construction of these ma- 
chines. The third and fourth sections of the book are devoted to 
" concentratiofi " and " special concentration^^ under whidi the 
principles involved in concentration are discussed, with descrip- 
tions of the various jigs, setz-machine, setz-rad, buddies, sleeping 
and percussion tables ; m short, thcprincipal machines and methods 
employed in ore concentration. The fifth division is devoted to 
the chlorination procesSy and is the most complete presentation of 
the subject that has yet been published. As before stated, the wort 
contains much that till now was inaccessible to the English reader, 
and we believe that a careful study of the principles contained in it 
will be of great service to all interestea in tnis department of 
practical science. g. j. b. 

4. The American A7inual Cyclopedia and Hegister of Impor- 
tant events of the year 1868. Vol. vii. 8vo, pp. 799. New York, 
1868. (D. Appleton & Co.) — Like its predecessors, this portly an- 
nual volume IS devoted to bringing down to date all the more 
important events of the year 1867, political, civil, military, and 
social affairs, public documents, biography, statistics, commerce, 
finance, literature, science, agriculture and mechanical industry. 
The ample space of these volumes admits a degree of fullness in 
the discussion of important subjects which gives to the prominent 
articles the character of separate treatises. The articles on scien- 
tific subjects are of course not very numerous. Those of most 
prominence are chemistry, electricity, geographical explorations 
and discoveries, French Exposition, magnesium, medicine, metals, 
meteors, sulphur produce of Italy, and test of iron by mfignetism. 
The volume closes by a useful analytical table of contents, in addi- 
tion to the usual index of subjects. 

5. The Wine 3faker'^8 Man<ua(; by Chablbs Resmelik, author 
of the "VineDreaaex^alilLasiu^X:^ Vlft\f^*ViKiaa. ^^^Asnaosui^ 1868. 
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(Robert Clarke & Co.) — ^This little manual is especially intended 
as a guide to small farmers and others who wish to make wine 
in small quantities, whether from grapes or other fruits. The 
author is evidently a person well acquainted with the practice of 
his art^ and treats his subject in a plam and conscientious manner. 
The English of the book would have been improved by a little 
friendly review, and the same may be said of its chemistry. But 
the notions sought lo be conveyed are good and will meet the de- 
mand from the class to which it is especially addressed. The me- 
chanical production of the book is extremely tasteful. The autlior, 
like all other writers of books on the grape and wines east of the 
Missi8sii)pi, seems to forget that California is one of the States of 
the American Union. The only paragraph in the book in which 
California is mentioned, speaks oi Coutro Krota County, meaning 
Contra Costa County, a blunder which any gazetteer would have 
corrected. But the climate, vine and soil of California are so entirely 
unlike anything in the Eastern United States, and especially in 
their peculiar adaptation to the production of the grape and its 
wine that we can hardly include them in a book intended for those 
who cultivate the vine of the eastern United States. 

6. C/iambers*8 Encyclopedia : a Dictiwiary of Universal Juiowl- 
edyefor thepeopk. (Illustrated.) Vols, viii-x. Philadelphia: Lip- 
pincott A Co. ; Edinburgh : W. & R. Chambers. Large 8vo. 1867- 
1868. — ^The tenth volume completes this excellent work, the pro- 
gress of which we have noticed from time to time in former volumes 
of this JoumaL Its character for fullness, accuracy and general 
interest is well maintained to the end« Over 27,000 articles, com- 
prising nearly every department of human knowledge, are in its 
alphabetical list. Its natural history articles, and those on the 
various physical and chemical sciences, are numerous and well 
illustrated oy good wood-cuts in the text. Particular attention 
seems to have been given to those subjects which have an interest 
for Americans. Its biographical articles are numerous and em- 
brace the living as well as the dead. 

In an appendix which fills two-thirds of the final volume, many 
articles are added to keep pace with the rapid progress of science 
in its various departments. The article on chemistry brings for- 
ward in a manner on the whole pretty satisfactorily, the modern 
chemical philosophy, recognizing fully its importance, and rapid 
strides toward supremacy. Sir Benjamin Brodie*s Calculus of Chem- 
istry is not forgotten. It is a singular proof of the slowness with 
which the Anglo-Saxon mind adopts new ideas, that in 1868 it is 
still deemed essential in a leading expnonent of the existing state 
of knowledge, to give in connection with the article chemistry an 
elaborate exposition of the metrical system of weights and meas- 
ures, now for a generation in almost exclusive use among all scient- 
ists out of England. As is unavoidable, we find no mention of 
many subjects which might very naturally be looked for, but on 
the whole, he will be a captious reader who does not find in Cham- 

A3C Joaa. Sol^Sboond Sums, Vol. XLYI, No. 188.— Nov., 1868. 
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bers and its supplement more than he can inwardly digest. In the 
appendix many of the scientific and mechanical novelties of the 
last few years are well treated of, such for example, aa the Gas- 
Engine ; Electro-magnetic Engine of Wilde ; Blowing machines 
including Root^s of the U. S.; Armorer Plates ; Artificial Umhs; 
Breech-loading arms (deficient in no mention of imiportmnt Ame^ 
ican forms^ ; Cattle Plague ; Chemistry ; Coal Supply ; Cohesion 
Figures; Cfompressed AirEngine ; Dipsomania; Floating Docks; 
Meteors ; National EkLucation (an elaoorate and important paper); 
Nitro-glycerine ; Refrigerating Machines ; [Here again the Ameri- 
can researches of Twinmg reproduced in the English Ettier refirig- 
and the air rarefactoire of Gerrie described in a series of articles 
in this Journal more than 20 years ago, are not mentioned] ; Sani- 
tary Science ; Thermo Dynamics, are examples of subjects dis- 
cussed. We do not know if it is the purpose of the publishers to 
maintain the status of the excellent Encyclopedia by the addition 
of an annual Yolume as has been done by the Appletons fi>r the 
American Encyclopedia, 

7. MitcheWs Manual of Practical Assaying^ 8d edition. Ed- 
ited by William Cbookbs, F.K.S. London. 8vo, pp. 697, aod 
Ivii of tables. London, 1868 (Longmans, Green & Co). — ^Mitch- 
elPs Assaying is a book by far too generally known to require any 
extended notice ; but the appearance of the third edition of Mr. 
Crookcs's reminds us that it is fourteen years since the second edi- 
tion (1864) was published, and in that time many important dis- 
coveries and improvements have been made in the various methods 
of chemical and metallurgical analysis, which are now well brought 
up by Mr. Crookes. The volumetric and colorimetric methods of 
assay have especially given precision and rapidity of execution to 
many cases of analysis before difficult and uncertain. These, as 
well as the blowpipe assay by the latest methods of Pro£ Keri, 
are found fully set forth in this edition, which thus becomes the 
best manual for practice in our language. The use of the old 
English weights and measures is still adhered to, as indeed is ne- 
cessitated by the law requiring assay reports to be made in ounces, 
pennyweights and grains, all the gold and silver tables being ren- 
dered in the same terms. In the volumetric assays, however, the 
rational methods of the metrical system are employed. 

8. The Workshop : A monthly Journal devoted to the progrm 
of the usefid arts. E. Steiger (17 William St., N. Y). — We have 
before announced Mr. Steiger's reproduction of this excellent Ger- 
man Art Journal, edited by Professors Baumer and Schnor. 
With the completion of the first six months the Workshop appears 
in an enlarged form, evincing a determination to keep well up with 
the growing taste for genuine art culture. It is a work which 
commends itself to all whose tastes or vocations lead them in this 
direction. The articles are original, critical and suggestive ; the 
illustrations varied, numerous and beautifully executed, and are 
accompanied by working drawings which every artist will appre- 
ciate as bringing to a -pT^kcX^eaV X^«X lV\ft examples given. To the 
German more tbau to ati^ oxYv^t ^^o^\^ \q ^^ or^^ v^^-^^^s^^t rapid 
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progress of correct ideas and sound principles in art ; but until 
now the English reading artists have had very limited means of 
infonnation in this direction. This want the Workshop does much 
to supply, and we cheerfully commend it to general attention. 

9. jTiesaurus 8Uiiricu8 : The Flora and Panna of the iSUurian 
J^eriodj with Addenda (from recent acquisitions) ; by John J. 
BiosBY, M.D., F.G.S., formerly British Secretary Canadian Boun- 
dary Commission, etc., etc. 214 pp. 4to. London, 1868. (J. Van 
VooKst.)— This work is a condensed and comprehensive review of 
the &cts in Silurian paleontology. It is the result of a vast amount 
of labor on the part of one who has examined for himself the Silu- 
rian rocks of a portion of North America, and studied carefully 
the investigations of others all over the world. The subjects are 
discussed with ability, evidently after careful study, and with the 
aid of some of the best paleontologists of England. The j)rincipal 
topics considered are zoological considerations, geographical dis- 
tribution, locality, time of first appearance of species, duration and 
extinction, migration and recurrence. The tables include, the 
author states, 997 species, which is more than four times as many 
as were comprised in Bronn's admirable tables of 1866. To no 
^olo^ists has the work greater interest than to those of North 
America. 

10. JSaeposS des Formations Quatemaires de la S^tede ; par A. 
Ebdxakn. 118 pp. 8v&, illustrated by 26 wood cuts, with an atlas 
in quarto of 14 plates. — Prof. Erdmann has here presented an 
abridgment "pour r6tranger" of his larger work on the Quater- 
nary or Post-tertiary formations of Sweden. The facts are closely 
related to those of North America, and throw much light, there- 
fore, on American geology. Prof. Erdmann divides the era into 
the Glacial and Post-glacial. The Glacial includes two epochs, 
that of glaciers, and that of submergence and submarine deposits. 
The Post-glacial is also divided into two epochs, I , that of subma- 
rine deposits ; 2, that of the more rec-ent terrestrial and submarine 
beds. The several subdivisions are treated of with much interest- 
ing detail The quarto atlas is one of great beaut v, containing, 
besides sections, several maps illustrating the distribution of the 
deposits, the direction of scratches, etc. 

11. Prof, Safford* 8 report on the Geology of Te^inessee. — Prof. 
Safford writes that he is engaged in the preparation of his report, 
and that he hopes to have it out in an abridged form in January. 

12. The American MitomologUt Edited by Bbnj. D. Walsh 
of Rock Island, Illinois, and C. V. Riley of St. Louis, Missouri. 
Vol I, No. 1, September, 1868. 20 pp. large 8vo. — This is the 
first number of a new Entomological Journal published at St. 
liOuis. Its aim, as stated in the prospectus, is to promote the in- 
terests of Entomology, and especially to disseminate practical in- 
formation to farmers, gardeners, fruit growers and others. Its 
editors are fally capable of sustaining well the Journal, and this 
first number holds out excellent promise for the future. The price 
per year is but one dollar. 
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13. IToto Crops Grow. A Treatise on the Chemical Composi- 
tion^ Structure and Life of the Plants for all Students of Agriad 
turey with numerous iUustrations and tables of analyses ; by Sam- 
uel W. Johnson, M. A., Professor of Analytical and Agricaltural 
Chemistry in the Sheffield Scientific School of Yale College, &c, 
394 pp. 12mo. New York, 1868. (^Orange Judd & Co.) — Prof. 
Johnson is so completely master of his subject that anything com- 
ing from his pen carries with it the prestige of authority. This 
volume well sustains the author's established reputation. It is 
the result of much study and experience as an instructor, and is 
specially adapted to a large class of readers whether interested in 
pure or applied science. It is to be followed by two and perhaps 
three other volumes in the same line ; the second of the series, to be 
entitled "How Crops Feed," is nearly ready for the printer; the 
third volume will be upon Cultivation, or the Improvement of 
the Soil and the Crop by Tillage and Manures. The closing vol- 
ume of this important series will be devoted to Stock Feeding and 
Dairy Produce considered from the point of view of Chemic^ and 
Physiological Science. It is easy to see how valuable such a series 
must be to all who arc interested in agriculture in its various de- 
partments, and to scientific readers they w41l furnish a reliable 
epitome of the sciences discussed. 

14.-4 Treatise on Optics; or Light and Sight theoretically and 
practically treated; with the application to fine art and industrial 
pursuits; by E. Nugent, C.E. With one hundred and three 
illustrations. 8vo, pp. xii, 235. New York, 1868. (D. Van Nos- 
trand.) — Mr. Nugent has succeeded in condensing into this little 
book a larije amount of valuable information. While he has not 
burdened its pages with abstruse formulas, he yet has been able 
very clearly to demonstrate the principles of refraction, reflexion, 
dispersion, polarization, etc. The opening chapter gives a succinct 
history of optical science ; the next fourteen chapters are occupied 
with a discussion of theoretical optics ; in the sixteenth a descrip- 
tion is given of the more important optical instruments, as the 
camera — giving figures of the best lens combinations of Dallmeyer 
and others — the microscope with its appliances, the telescope, ster- 
eoscope, sextant, theodolite, engineer's transit, etc. ; and in the 
seventeenth many important practical applications of optical prin- 
ciples are discussed; among them photo-zincograpliy, photo- 
lithography, the influence of colored light on the germination and 
frowth of seeds, and light-house illumination. The matter of the 
ook is well digested, the illustrations are good, and the style in 
which it is issued is unexceptionable. 

16. Part 2 of the Butterflies of K, America^ with beautiful col- 
ored plates, by Wm. H. Edwards, has just been published in 
Philadelphia. 

Note. — Ulystrations of this vohmie, — For the illustrations of the 
article on the Eozoon (p. 245) we are indebted to the liberality of 
Sir Wm. Logan ; and for those of the article on the secular varia- 
tions of the EartVft OtVA\.\»^ ^ .1^. ^\oQ.Well (p. 87), on the Amiens 

Gravel by Tyler (p. ^0*2.^ «ii^ ox^ ^vwi^wi^ xs^^x^^^, Q^ ilarsh 

(p. 364), to tne sevex^l wx\>dlot%.— "^i^^*. 
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